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REPORT 


OF  THE 

MANAGERS  OF  THE  FRANKLIN  INSTITUTE, 

OF  TI1E 

STATE  OF  PENNSYLVANIA, 

FOR  THE 

PROMOTION  OF  THE  MECHANIC  ARTS’ 

IN  RELATION  TO 

WEIGHTS  AND  MEASURES. 

^resented  in  compliance  with  a Resolution  of  the  House  of  Representatives. 


3 THE  HON.  JAMES  FINDLAY, 

Secretary  of  the  Commonwealth  of  Pennsylvania. 

The  Managers  of  the  Franklin  Institute  of  the  State  of  Penn- 
lvania,  for  the  promotion  of  the  Mechanic  arts,  respectfully 
esent  to  the  Secretary  of  the  Commonwealth  their  report  in 
lation  to  the  subject  referred  to  them  by  the  direction  of  the 
ouse  of  Representatives.  At  the  stated  meeting  of  the  Mana* 
rs,  next  subsequent  to  the  receipt  of  the  communication  of  the 
icretary  of  the  Commonwealth,*  dated  May  29th,  1833,  a 
mmitteef  was  appointed  to  consider  the  subject,  and  to  report 
the  Managers  of  the  Institute.  Their  report,  which  has  been 
animously  adopted,  is  now  respectfully  submitted.  It  is  be- 
ved  that  no  more  time  has  been  consumed  by  the  committee 
an  was  required  by  a careful  investigation  of  the  subject  in- 
isted  to  them,  and  the  Managers  hope  that  the  delay  of  this 

E beyond  the  time  of  meeting  of  the  Legislature,  will  be 
ated  to  the  necessity  of.  the  case. 

ALEX.  FERGUSON,  Chr’m. 

Wm.  Hamilton,  Actuary. 

See  Appendix  No.  I. 

[See  Appendix  No.  III. 
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REPORT  IN  RELATION  TO  WEIGHTS  AND  MEASURES  IN  THE  COMMON- 
WEALTH OF  PENNSYLVANIA. 

Adopted  by  the  Managers  of  the  Franklin  Institute , January  25,1834. 

The  Committee  of  the  Franklin  Institute,  appointed  by  the 
Board  of  Managers  to  consider  the  subject  of  Weights  and  Mea- 
sures, referred  to  them  by  direction  of  the  House  of  Representa- 
tives of  the  Commonwealth,  respectfully  report : 

That  since  the  date  of  their  appointment,  in  June  last,  they 
have  given  to  the  subject  the  attention  which  its  importance  so 
well  deserved.  In  order  to  have  before  them,  in  a condensed 
form,  the  facts  relating  to  the  practical  bearing  as  well  as  to  the 
theory  of  the  matters  of  inquiry,  the  Committee  requested  from 
three  of  its  members*  reports  upon  the  systems  of  weights  and 
measures,  of  England,  and  of  France,  and  upon  the  state  of  the 
question  in  our  own  country.  The  reportsf  contained  in  the  Ap- 
pendix, herewith  presented,  resulted  from  this  request.  In  the  1 
first  of  these  is  given  a description  of  the  French  metrical  sys-!S 
tern,  and  of  the  scientific  operations  required  in  its  establishment;  f 
in  the  second,  a brief  history  of  the  weights  and  measures  oi  ’ 
England,  with  the  method  of  connecting  the  recent  and  reformed  f 
system  with  a scientific  basis;  and  in  the  third,  an  abstract  ol  f 
the  reports  upon  weights  and  measures  made  to  the  Congress  ol 
the  United  States,  and  to  the  state  Legislatures  of  Pennsylvania1 
and  New  York.  An  examination  of  these  reports  will  show  froir 
how  many  points  our  subject  has  been  viewed,  and  in  what  variec  Ir 
lights,  and  how  little  novelty  can  be  expected  in  any  view  whicl 
at  this  time  may  be  submitted.  This  circumstance  will  perhap:  c 
be  found  of  important  practical  benefit,  for  a desire  to  presen 
what  is  novel,  may  have  led  to  much  of  the  inapplicable  specu  , 
lative  inquiry  with  which  the  subject  is  encumbered. 

The  Committee  think  that  they  may  assume  that  the  Hous<  #l 
of  Representatives,  of  the  Commonwealth,  in  referring,  the  bil  * 
relating  “to  weights  and  measures  and  to  admeasurement”  to  thi 
Managers  of  the  Franklin  Institute,  did  not  intend  to  confine  thei 
report  exclusively  to  the  consideration  of  that  bill,  but  rathei  e 
that  it  should  form  the  basis  of  their  investigations. 

With  this  view  of  their  duties,  the  Committee  would  propose  t ,d 
consider  the  subject  under  two  suppositions;  the  first,  that  tb  ^ 
Legislature  of  Pennsylvania  shall  determine,  or  have  determinec  r 
to  legislate  in  relation  to  a system  of  weights  and  measures  fo 

this  commonwealth,  independently  of  other  states;  secondly,  tha  (l 

l Ian 

(i 

I, 


* See  Appendix  No.  III. 

■f  See  Appendix  Nos.  IV,  V,  &.  VI. 
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;a  combined  action  by  the  several  states,  or  by  the  Congress  of 
the  United  States,  may  be  admissible. 

In  legislating  upon  any  matter  which  in  its  varied  ramifica- 
tions atfects  almost  every  business  in  which  men  engage,  there 
icannot  be  too  much  caution.  Usages  have  grown  up  in  all  trades 
i which  have  become  a part  of  those  trades,  which  require  a por- 
tion of  an  apprenticeship  to  learn,  in  contravening  or  changing 
which  by  law,  the  interests  of  the  citizen,  if  not  his  rights,  are 
{infringed.  Hence  the  necessity  of  entering  thoroughly  into  de- 
rails which  can  only  be  supplied  by  the  members  of  each  art,  or 
frade,  from  their  own  knowledge  of  their  own  wants,  and  which 
jhould  properly  vary  with  the  progress  of  that  art,  or  of  leaving 
ruch  details  to  adjust  themselves,  upon  the  basis  of  careful  legis- 
lation upon  general  principles. 

A system  of  weights  and  measures  which  aims  at  furnishing 
luch  general  principles,  should  establish  the  standard  of  linear 
measure;  fix  the  relation  of  the  standard  of  capacity  measures 
Jo  that  of  the  linear  measure;  should  provide  for  procuring,  pre- 
lerving,  and  distributing  positive  standards  of  measure  and 
if  weights,  and  should  refer  the  entire  system  to  natural  in- 
variable standards,  by  which  its  permanence  might  be  secured.  It 

!ould  be  accompanied  by  a supplementary  law  less  fixed  in  its 
iaracter,  which  should  state  the  principal  denominations  of  the 
veral  measures  and  of  the  weights,  and  their  relation  to  each 
l.her  and  to  the  standards. 

i The  system  may  contemplate  an  entire  change  in  the  standards 
•id  in  the  denominations;  or  it  may  aim  at  providing  standards 
I conformity  with  those  in  most  common  use,  and  by  which  the 
|:curacy  of  existing  standards  may  be  at  all  times  tested,  and 
I,  improving  existing  denominations. 

t The  case  of  an  entire  change  is  presented  by  the  French  me- 
tical system,  where  throwing  aside,  in  their  measures  the  de- 
aminations of  foot  and  toise,  they  adopted  a new  denomination, 
le  metre,  corresponding  to  a new  length,  the  ten  millionth  part 
a quadrant  of  a terrestrial  meridian.  The  present  English 
stem  is  in  part  of  the  second  kind;  leaving  to  usage  to  establish 
2 denominations,  it  aims  at  providing  positive  standards  of  au- 
ority,  and  of  perpetuating  them  by  their  comparison  with 
variable  standards  furnished  by  nature.  The  inability  of  the 
st  system,  to  contend  against  usage,  is  to  be  found  in  theestab- 
iiment  by  law  in  France  of  a metrical  foot,  one-third  of  a metre 
•length,  of  a metrical  pound  half  the  kilogramme  of  the  new  sys- 
t<n  in  weight.  Had  one  currency  been  in  use  throughout  our 
iiant  country,  when  the  present  currency  was  established,  it  is 
o:  impossible  that  its  beautiful  simplicity  might,  even  at  this 
4?,  have  existed  only  in  theory. 
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Sound  policy,  nevertheless,  requires  that,  from  time  to  time, 
such  changes  should  be  introduced  in  existing  denominations  as 
will  tend  to  simplify  the  system,  and  to  bring  it  gradually  nearer 
to  perfection,  and  even  in  these,  perhaps,  the  law  should  follow 
indications  of  change  dictated  by  convenience,  rather  than  un-j 
dertake  to  lead  them. 

A system  of  weights  and  measures  and  of  denominations  basec  j 
upon  that  in  common  use  in  our  country,  would  include  the  fol- 
lowing  particulars:  first;  a reference  to  some  existing  measure 
as  the  standard  of  length;  as,  for  example,  to  a certain  yart 
measure  in  the  possession  of  the  state,  which  should  be  declarec 
at  a certain  temperature  to  be  the  linear  unit.  The  multiple  anc 
submultiple  denominations  of  this  standard,  should  be  declarer 
as  lines  or  nails,  inches,  feet,  perches,  &c.  Second;  a unitmea 
sure  of  capacity,  as  for  instance  the  bushel,  should  be  defined  it  j; 
reference  to  the  linear  standard.  This  unit  might  be  taken  foil 
both  dry  and  liquid  measures,  or  it  might  be  deemed  adviseable  hit 
conform  to  usage  by  providing  different  units  for  liquid  and  for  dn# 
measure.  In  regard  to  the  denominations  an  obvious  improves 
ment  might  be  made  by  avoiding  the  use  of  the  same  name  foiin 
things  essentially  different,  as  a gallon  for  different  capacities  ac  n 
cording  to  its  use  in  dry  or  in  liquid  measure,  a change  whichi 
would  not  fail  to  be  sanctioned  by  general  adoption.  Third;  a re-  ai 
fercnce  to  a positive  standard  for  weight,  as  a certain  pound  ir  ii 
the  possession  of  the  State.  The  multiple  and  submultiple  dein 
nominations  to  be  regulated.  And  here  a question  presents  it-|f 
self,  whether  it  may  be  possible  to  have  hut  one  unit  of  weighiti 
denominated  the  pound,  rejecting  the  troy  or  avoirdupois  pound  f 
as  may  be  thought  adviseable.  In  choosing  between  them  th(te 
difficulty  presents  itself  that  the  former  pound  has  been  legalizec  :u 
by  Congress  in  our  coinage,  by  referring  to  the  standard  troy  |cc 
pound  in  possession  of  the  mint,  while  the  latter  is  the  pounds 
generally  used  in  commerce.  It  is  probable  that  this  innovatiorl 
could  not  be  made  with  advantage  at  present.  In  regard  to  the  11 
denominations  a similar  difficulty  is  presented  in  the  ton,  which  ;n; 
is  either  2,240  or  2,000  lbs.  according  to  locality,  or  to  usage,  or  m, 
to  agreement.  To  the  adoption  of  the  ton  of  2,000  lbs.  tech-  0 
nically  called  the  short  ton,  there  does  not  seem  to  be  any  insu- 


perable objections.  It  is  so  convenient  in  practice  that  it  has* 


been  legalized  by  several  of  the  states,  and  is  used  in  many  cases,  in- 
in  our  own  commonwealth.  {^Iti 

In  providing  for  the  distribution  of  positive  standards  through- 1 
out  the  state,  the  nature  of  the  material  of  which  they  shall  beujf 
made,  will  be  an  important  item.  For  the  material  of  their  pos-  sj 
itive  standards  of  length,  the  French  adopted  iron,  the  English 
brass;  for  those  of  weight,  the  former  employed  platinum  for  the  |[ 
original  standard,  and  brass  for  the  copies,  the  latter  brass  foi  ; 
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both.  In  case  of  the  adoption  of  either  metal,  it  would  be  im- 
portant to  inquire  by  experiment  more  carefully  than  has  been 
hitherto  done,  into  their  relative  expansions  under  different  cir- 
cumstances of  manufacture.  This  would  not  bear  merely  upon 
the  theoretical  perfection  of  the  standards,  but  upon  that  in  prac- 
tice, for  two  standards  which  were  alike  when  made  in  winter, 
(might  if  compared  in  summer  differ  so  much,  that  one  would  be 
thought  to  require  the  expense  of  alteration.  If  the  yard  stick 
ff  the  merchant  will  not  be  changed  by  this  difference,  it  will  be- 
come sensible  in  the  chain  of  the  surveyor,  and  the  land  holder 
Lvill  find  his  limits  affected  by  it. 

Next  the  positive  standards  thus  provided,  should  be  referred 
(o  some  natural  invariable  standard.  The  necessity  for  this  re- 
erence  is  so  frequently  denied  that  the  object  would  seem  not 
lilways  to  be  perceived.  Positive  standards  are  liable  to  change 
j»y  accident  and  by  use.  Let  us  suppose  a case  in  which  a stan- 
dard of  measure  belonging  to  the  Commonwealth  and  carefully 
leposited  in  one  of  its  offices,  receives  injury  in  taking  it  down  for 
Jxamination  or  in  the  course  of  a comparison  of  another  measure 
jkith  it.  The  county  standards  are  resorted  to,  for  the  purpose  of 
■ ^covering  the  original  length  of  the  standard,  but  if  not  well  pre- 
Ibrved  or  if  frequently  used  they  disagree.  It  is  in  such  a case, 

; nd  the  probabilities  are  strong  of  the  occurrence  at  some  time  of 

Jmilar  cases,  that  the  natural  invariable  standard  becomes  the 
.cans  of  deciding  between  the  varying  measures.  The  length 
a pendulum  vibrating  seconds,  or  the  arc  of  a meridian  is 
easured  by  using  either  of  the  measures;  the  length  thus  found 
the  same  number  of  inches  and  parts  of  an  inch  with  that  of  the 
ndulum,  or  of  the  arc,  which  was  previously  fixed,  with  refer- 
ee to  the  original  standard,  or  is  so  many  parts  of  an  inch 
<o  long,  or  too  short,  and  the  length  of  the  original  measure 
i known  by  reference  to  that  which  has  been  tested.  But 
I is  not  necessary  to  resort  to  any  supposition  of  accident 
\ffch  may  occur  to  the  positive  standard;  the  experience  of 
lligland  has  shown  that  under  ordinary  care,  changes  will  be 
iind  from  century  to  century,  and  that  measures  which  are 
a one  time  easily  known  and  recognized  to  be  the  standards, 
Biy  at  some  other  time  be  the  subjects  of  antiquarian  research, 
llrt  of  thereproach  under  which  the  scientific  operations  here  re- 
fi'red  to  lie,  namely,  that  they  are  liable  to  corrections  as  sci- 
ece  progresses,  is  due  to  the  fact  that  experimenters  have  not 
ben  satisfied  with  stating  the  results  of  experiment,  but  have 
aleavoured  to  deduce  from  theory  the  relation  between  those 
r;ults  and  others  in  other  circumstances,  using  for  this  purpose 
tl;  data  furnished  by  the  science  of  the  day.  Thus  they  have 
a been  satisfied  with  stating  that  the  pendulum  vibrating  se- 
conds, and  in  a circular  arc,  measured  with  a means  described, 
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at  a given  temperature  and  pressure,  and  at  a particular  spot,  was 
certain  number  of  inches  of  the  standard;  but  they  have  under- 
taken from  their  experiment  to  conclude  what  the  length  would 
be  in  a vacuum,  in  a small  arc,  at  an  assumed  temperature  and 
pressure,  at  the  level  of  the  sea,  and  in  a particular  latitude, 
and  these  before  the  weight  of  the  air,  the  effect  of  its  buoy- 
ancy &c.  were  well  known  and  established,  even  according  to 
the  knowledge  of  the  day. 

The  Committee  proceed  in  the  discharge  of  the  duty  com- 
mitted to  them  by  the  Managers,  to  submit  their  examination 
of  the  bill  referred  by  the  House  of  Representatives;  in  this  they 
will  be  as  brief  as  is  permitted  by  the  fact  that  many  of  the  pro- 
visions of  it  are  at  this  time  the  law  of  the  state,  If  the  Commit- 
tee are  correct  in  the  ideas  which  they  have  already  expressed^! 
in  relation  to  the  requisite  enactments  for  regulating  weights  and 
measures,  the  objection  to  the  bill,  on  the  score  of  its  leaving  d 
general  principles  to  enter  partially  into  details,  is  a sound  one; 
this  remark  has  reference  more  particularly  to  that  part  of  the  iei 
bill  which  relates  to  admeasurement,  in  relation  to  which  it  will  i' 
be  necessary  for  the  Committee  to  go  into  minutiae,  in  order  tote 
be  intelligible. 

The  twenty-seventh  and  twenty-eighth  sections  establish  a fc1 
certain  ratio  between  the  weight  of  different  commodities,™ 
and  the  measured  bushel,  in  regard  to  which,  as  far  as  the® 
usage  of  this  portion  of  our  State  can  be  ascertained,  four  ot  the® 
commodities  mentioned  are  not  bought  and  sold  by  weight;  and  ol  ^ 
the  two  which  are,  one  is  always  purchased  at  a different  weight® 
per  bushel  from  that  assigned  in  the  sections,  the  brewers  ofPhila.  >aj 
delphia  always  buying  their  barley  at  the  rate  of  forty-eight 
pounds  to  the  bushel.  Salt  of  all  descriptions  pays  duty  at  the  °n 
rate  of  fifty-six  pounds  to  the  bushel  and  is  in  all  cases  sold  by  mea- 
sure.  The  usage  will  probably  be  found  to  be  different  in  other  B 
parts  of  the  state,  for  where  materials  are  concerned  which  W 
have  weights  in  proportion  to  their  bulk,  varying  with  soils  andM 
seasons,  or,  as  in  the  last  case,  with  the  moisture  of  the  aiijte 
equitable  dealing  could  not  fail  to  produce  such  differences.  w 

In  regard  to  the  sale  of  anthracite  coal,  provided  for  by  secj  I c 
tion  twenty-nine,  no  mention  being  made  of  the  bituminous  coal  fasi 
usage  has  established  its  sale  by  weight,  and  no  necessity  existi  e 1< 
for  providing  a ratio  between  measure  and  weight.  h St 

The  measure  of  an  acre  of  land,  of  a cord  of  wood,  or  bark  ciiri 
the  contents  of  a hogshead  of  cider,  each  is  made  the  specia  lies 
subject  of  a section,  while  other  superficial  measures,  the  mea  (ioj 
surement  of  lumber  &.C.,  the  contents  of  casks  of  beer,  ale*sid 
whiskey,  &c.  &c.,  are  left  as  indeed  all  should  be  left,  to  the  reg  mt 
ulation  of  inspection  laws  or  to  usage.  irate 

Section  tenth  is  liable  to  similar  objections,  as  providing  for  age 
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peculiar  form  to  be  given  to  the  bushel  for  measuring  lime,  which 
is  one  only  of  the  many  commodities  sold  by  the  heaped  bushel. 
A.  provision  for  a legal  standard  bushel  would  regulate  all  such 
:ases.  The  law  provides  in  section  seventh  for  both  a wine  and 
i beer  gallon,  a provision  which  the  committee  consider  particu- 
arly  objectionable,  the  inconvenience  of  two  different  measures 
laving  the  same  name  is  obvious,  and  practice  confirms  the  con- 
tusion, the  beer  gallon  being  no  longer,  as  far  as  the  committee 
an  ascertain,  in  use,  at  least  in  the  city  of  Philadelphia. 

The  Committee  would  further  remark,  that  they  have  not  been 
ble  to  find  why  the  regulator  of  the  weights  and  measures  of 
e city  of  Philadelphia,  should  not  be  subject  to  the  same 
actments  with  other  regulators  or  inspectors:  the  want  of  in- 
ection  laws  to  regulate  the  duties  and  fees  of  the  office,  seems 
be  felt  by  the  citizen  who  now  fills  with  industry  and  zeal  the 
ffice  of  regulator  of  this  city. 

Leaving  these  details,  the  Committee  would  urge  a general  ob- 
ction  to  the  portion  of  the  bill  referring  to  the  posi- 
ve  standard  for  weights  and  measures  It  is  that  after  provid- 
g for  procuring  those  standards  and  distributing  them,  by  means 

Jhich  would  require  an  expenditure  not  at  all  however  beyond  the 
cessity  of  the  case,  it  renders  nugatory  the  whole  of  the  work 
ne,  by  providing  that  whenever  the  United  States  standards 
all  be  declared,  those  of  the  states  shall  conform  thereto.  The 
, ustence  of  a system  which  has  cost  the  state  much  time  and 
hour  is  thereby  made  contingent  upon  their  obtaining  stan- 
^rds  which  may  be  those  adopted  by  Congress  at  some  future 
iy,  or  upon  the  want  of  action  of  the  United  States  upon  the 
ej,|  atter.  The  difficulty  of  a change  after  a complete  distribu- 
*n  of  standards  would  necessarily  be  much  greater  than  at  a 
ne  when  the  want  of  some  standard  was  generally  admitted. 
With  great  deference  to  the  body  who  are  to  consider  the  sub- 
let, the  Committee  have  prepared  an  altered  draught  of  a bill  in 
formity  with  the  views  which  they  have  submitted  in  the  fore- 
ng,  and  which  they  respectfully  submit  for  examination,  in  the 
position  that  legislation  at  this  time  is  deemed  adviseable.  The 
containing  the  general  provisions  for  a system  of  weights  and 
tyasures,  is  accompanied  by  a supplementary  one  establishing 
A;  legal  denominations.  In  regard  to  the  manner  of  appoint- 
a nt  of  regulators  or  sealers  of  weights  and  measures,  to  the 
Purities  to  be  required  for  the  faithful  performance  of  their 
Lies,  to  the  penalties  tor  negligence,  and  to  the  penalties  for 
n-ingement  of  the  provisions  of  the  bill,  the  Committee  do  not 
(sider  it  within  their  province  to  offer  any  remarks,  further 
In  that  they  consider  that  they  may  conveniently  form  a se- 
tt ate  object  of  legislation  and  should  not  be  incorporated  with 
h general  enactments. 
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The  Committee  would  next  proceed  to  a more  grateful  portion 
of  their  duty,  than  that  which  requires  the  criticism  of  the  bill  re- 
ferred to  them,  namely,  to  consider  the  case  in  which  action  by 
the  Congress  of  the  United  States,  may  be  deemed  by  the  Legisla- 
ture to  be  adviseable.  Next  to  the  inconveniences  which  result 
from  a varying  standard  of  measure  and  weight  in  the  same  t 
community  or  neighbourhood,  may  be  ranked  those  produced  by  l 
a want  of  uniformity  in  the  standards  of  different  contiguous*! 
States;  for  it  must  happen  in  a republic  organized  as  is  our  own, |ii 
that  the  dilferent  parts  of  the  same  state  have  less  frequent:)] 
communication  requiring  the  use  of  such  standards,  than  the  ad-  n 


jacent  parts  of  the  different  commonwealths.  So  impressed  are 
the  Committee  with  this  view,  that  they  would  express  it  as  their 
decided  opinion  that  the  most  imperfect  system  of  weights  andlvt 
measures  which  has  ever  been  framed,  would  if  applied  in  all : he 
the  states  of  our  union,  be  preferable  to  the  most  perfect  systerr  in 
which  should  be  adopted  by  any  one  commonwealth  singly.  Thr  it 
constitution  having  delegated  to  Congress  the  power  “to  fix  th< Sen 


standard  of  weights  and  measures,”  there  seems  to  be  no  doub  | 


but  that  that  body  have  authority  to  legislate  upon  such  a sysj 
tern  as  has  been  offered  for  the  consideration  of  the  House  offln 
Representatives  of  this  Commonwealth,  in  which  the  object  i li 
rather  to  fix  standards  so  that  they  shall  not  be  liable  to  changci'ic 
for  the  future,  than  to  make  any  innovations  in  existing  legaider 
standards.  Indeed  in  most  of  the  laws  of  more  recent  origii (heir 
adopted  by  the  several  states,  there  is  a distinct  provision  thaioii! 


feoie 


when  Congress  shall  furnish  a system  of  weights  and  mea 
sures  for  the  United  States,  the  temporary  State  standards  shal 
be  made  to  conform  to  the  national  standard.  The  exceeding 
importance  of  uniformity  is  thus  distinctly  set  forth,  from  quai  | 
ters  of  the  highest  authority  in  the  different  parts  of  our  extendi) 
ed  republic.  [anda 


In  the  multitude  of  objects  to  which  the  national  legislatio 
must  be  directed,  it  is  hardly  to  be  wondered  at,  that  no  actio 
should  have  taken  place  upon  this  one.  If  the  wants  of  th 
States,  or  of  any  of  them,  should  be  expressed,  Congress  coul 
hardly  fail  to  take  up  a subject  upon  which  so  much  unanimit 
of  view  might  be  expected.  Frequent  consideration  has  bee 
given  by  that  body,  to  providing  a system  of  weights  and  me? 
sures  even  without  the  stimulus  just  referred  to,  as  appears  " 
a reference  to  the  analysis  of  their  proceedings  accompanyii 
this  report.*  As  far  as  the  collection  of  the  revenue  is  concei 
ed,  the  object  of  uniformity  in  the  standards  is  near  its  accoi 
plishment  under  directions,  issued  from  the  Treasury  Departnn 
of  the  United  States,  for  the  distribution  of  standards  to  the  Custo 
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houses;  and  thus  one  motive  which  might  have  induced  the  action 
)f  Congress  is  removed,  and  the  necessity  for  exertion  on  the  part 
)f  the  States  to  secure  so  desirable  an  object,  is  increased.  That 
standards  issued  to  the  Custom  Houses,  can  be  substituted  for  na- 
ional  standards;  even  though  legalized  in  the  collection  of  the  re- 
venue, bv  an  act  of  Congress,  is  obviously  impossible:  unrecognized 
)y  the  laws  of  the  states  which  contain  no  provisions  deferring  to 
uch  standards;  not  placed  at  all  in  some  of  the  states,  and  but  spar- 
igly  distributed  in  any,  they  could  not  even  by  usage  and  in  vi- 
lation  of  the  state  laws,  become  standards.  They  would  tend 
lerely  to  increase  the  diversity  of  standards  and  unless  conform- 
lg  to  those  of  the  state  in  which  they  were  introduced,  would 
ause  duties  to  be  paid  on  commodities  by  one  measure  or  weight, 
7hich  were  sold  by  a different  standard.  The  committee  would 
lerefore  most  respectfully  request  the  Managers  of  the  Frank- 
n Institute,  to  urge  upon  the  House  of  Representatives,  of  this 
ommonwealth,  to  call  the  attention  of  Congress,  through  our 
enators  and  Representatives,  to  the  necessity  of  fixing  the  stan- 
ird  of  weights  and  measures,  throughout  the  United  States;  and 
irther  to  suggest  that  the  co-operation  of  the  legislatures  of 
;her  states  be  obtained  by  executive  communication, 
l Your  Committee  feel  satisfied  that  the  House  of  Representa- 
ves  of  this  Commonwealth  may  lay  the  subject  now  under  con- 
; deration  before  Congress  in  a form  so  conveniently  adapted  to 
j leir  legislation  upon  it,  that  a speedy  action  will  be  ensured.  But 
hi  ould  this  action  be  delayed  for  two  or  three  years,  the  incon- 
e rnience  of  acting  under  existing  la  tvs,  for  such  a period,  would 
a ^rdly  counterbalance  the  probability  of  benefit  to  be  derived 
tpm  legislation  by  Congress.  If  such  just  hopes  should  be  dis- 
ia  >pointed,  the  people  of  this  Commonwealth,  would  then  confi- 
j]  :ntly  look  to  the  care  of  their  legislature  to  furnish  them  with 
j mdards  so  essential  to  the  dealings  of  all  classes  of  the  coramu- 

f*V- 
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Section  1. — Be  it  enacted  by  the  Senate  and  House  of  ReprUn 
sentatives  of  the  Commonwealth  of  Pennsylvania  in  Generi  ^ 
Assembly  met,  and  it  is  hereby  enacted  by  the  authority  of  tl  s( 
same : That  the  standard  unit  of  all  measures  of  length  shall  t 
the  “ yard,”  to  conform  to  that  in  use  in  this  Commonwealth  i j 
the  date  of  the  declaration  of  Independence,  the  positive  stan<  ajf 
ard  to  be  obtained  as  hereinafter  described ; and  that  one-thi  )af 
of  said  yard  shall  be  one  foot,  and  one-twelfth  of  said  foot  shay 
be  one  inch.  ; ro 

Section  2. — And  be  it  further  enacted  by  the  authority  afor  y 
said,  That  the  standard  of  liquid  measure  shall  be  the  gallon,  ;e(, 
contain  two  hundred  and  thirty-one  cubic  inches  of  the  standa 
aforesaid,  and  no  more.  And  that  the  standard  of  dry  measu  |(j 
shall  be  the  bushel,  to  contain  two  thousand  one  hundred  ai  ( 
fifty  cubic  inches,  and  forty-two  hundreths  of  a cubic  inch  oftl  y 
standard  aforesaid,  and  no  more. 

Section  3. — And  be  it  further  enacted  by  the  authority  afoi ,, 
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lid,  That  the  standard  of  weight  shall  be  a pound,  to  be  comput- 
d upon  the  troy  pound  of  the  mint  of  the  United  States,  refer- 
ed  to  in  the  act  of  Congress,  of  19th  May,  1828,  to  wit.:  the 
'oy  pound  of  this  Commonwealth  shall  be  equal  to  the  troy 
ound  of  the  mint  aforesaid;  and  the  avoirdupois  pound  of  this 
ommonwealth  shall  be  greater  than  the  troy  pound  aforesaid, 
the  proportion  of  seven  thousand  to  five  thousand  seven  hun- 
■ed  and  sixty. 

Section  4. — And  be  it  further  enacted  by  the  authority  afore- 
id,  That  it  shall  be  the  duty  of  the  Governor  of  this  Common- 
ealth  to  procure  within  — years,  from  the  date  of  the  passage  of 
is  act,  a standard  yard  to  constitute  the  positive  standard  of 
ngth  in  this  Commonwealth ; said  standard  to  be  equal  in 
igth,  at  the  temperature  of  melting  ice,  to  the  distance  be- 
reen  the  eleventh  and  forty-seventh  inches  on  a certain  brass 
lie  of  eighty-two  inches  in  length,  procured  for  the  survey  of 
e coast  of  the  United  States,  and  now  deposited  in  the  War 
:partment.  The  material  of  said  standard  to  be  brass,  and  the 
dsions  upon  it  to  be  inches  and  parts  of  an  inch  of  the  brass 
tie  aforesaid. 

[Section  5. — And  be  it  further  enacted  by  the  authority  afore- 
d,  That  it  shall  be  the  duty  of  the  Governor  to  procure,  with- 
— years  after  the  passage  of  this  act,  for  the  use  of  this  Com- 
nwealth,  a standard  gallon  and  bushel,  to  conform  to  the  pro- 
on  of  section  second,  of  this  act.  The  material  of  said  standard 
ie  cast  brass. 

Section  6. — And  be  it  further  enacted  by  the  authority  afore- 
1,  That  it  shall  be  the  duty  of  the  Governor  of  this  Common- 
ilth,  to  procure  within  — years  after  the  passage  of  this  act, 
uly  authenticated  copy  of  the  troy  pound  of  the  mint  of  the 
ted  States,  to  constitute  the  positive  standard  of  weight  of 
Commonwealth.  The  material  of  said  standard  to  be  brass, 
ection  7. — And  be  it  further  enacted  by  the  authority  afore- 
That  it  shall  be  the  duty  of  the  Governor  of  this  Common- 
lth  to  have  the  positive  standards  of  measures  of  length  and 
city,  and  of  weight,  provided  by  the  foregoing  sections,  in- 
d in  suitable  cases  and  deposited  in  the  office  of  the  Treas- 
of  this  Commonwealth,  to  be  by  him,  there,  carefully  pre- 
ed. 

ction  8. — And  be  it  further  enacted  by  the  authority  afore- 
That  it  shall  be  lawful  for  the  Governor  of  this  Cornmon- 
lth,  when  he  shall  deem  it  expedient,  to  have  tested  the 
rmity  of  said  positive  standards  of  measure  and  weight  to 
oregoing  provisions  of  this  act,  or  to  the  natural  invariable 
ards  hereinafter  provided. 

ction  9. — And  be  it  further  enacted  by  the  authority  afore- 
That  it  shall  be  the  duty  of  the  Governor  to  provide  with- 
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in  — years  after  the  passage  of  this  act,  for  each  of  the  coun 
ties  of  this  Commonwealth,  at  the  charge  of  the  counties  respec 
tively,  duly  authenticated  copies  of  the  positive  standards  o 
measures  of  length,  of  capacity,  and  of  weight,  referred  to  in  tin 
foregoing  sections,  of  the  material  therein  referred  to,  and  of  ap 
proved  construction.  And  having  caused  the  same  to  be  dul 
stamped,  to  have  them  delivered  to  the  Commissioners  of  th 
counties  respectively,  to  he  used  as  standards  for  the  adjustin 
of  weights  and  measures,  and  for  no  other  purpose. 

Section  10. — And  be  it  further  enacted  by  the  authority  afor< 
said,  That  it  shall  be  the  duty  of  the  Commissioners  of  the  re: 
pective  counties,  at  least  once  in  every  ten  years,  and  oftener  i 
they  have  reason  to  believe  it  necessary,  to  cause  the  standard 
of  the  respective  county  to  be  examined  and  tried,  and  if  nece 
sary,  to  be  corrected  or  renewed  according  to  the  standards  < 
the  Commonwealth  heretofore  referred  to. 

Section  11. — And  be  it  further  enacted  by  the  authority  afon 
said,  That  it  shall  be  the  duty  of  the  Governor,  within  — year 
after  the  passage  of  this  act,  to  cause  the  positive  standard 
herein  described,  to  be  referred  to  natural  invariable  standard 
and  to  deposit  in  the  office  of  the  State  Treasurer  the  authent: 
certificates  of  such  reference,  with  the  apparatus  by  which 
was  made.  The  length  of  the  standard  yard  to  be  compare 
with  that  of  the  pendulum  vibrating  seconds  at  a certain  and  di 
fined  spot  in  the  Independence  Square  in  the  city  of  Philade 
phia,  or  in  some  unalienable  public  propertv,  at  an  ascertained 
and  convenient  temperature  and  pressure  ; all  the  circumstanc  fil 
of  the  comparison  to  be  stated.  The  standard  of  weight  to  1 
compared  with  that  of  one  hundred  standard  cubic  inches 
water,  at  its  maximum  density,  and  at  a convenient  atmospher 
pressure. 
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in  Act  to  fix  the  denominations  of  Measures  and  Weights 
in  the  Commonwealth  of  Pennsylvania. 

Section  1. — Be  it  enacted  by  the  Senate  and  House  of  Repre- 
entatives,  of  the  Commonwealth  of  Pennsylvania  in  General 
issembly  met,  and  it  is  hereby  enacted  by  the  authority  of  the 
ame  : That  the  denominations  of  linear  measure  of  this  Com- 
monwealth, whereof  the  yard,  as  heretofore  provided,  is  the 
tandard  unit  with  the  relations  thereof,  shall  be  as  follows  : 


12 

3 

51 

40 

8 


foot. 

yard. 

rod,  pole,  or  perch. 

furlong. 

mile. 


inches  make  1 
feet  make  1 
yards  make  1 
rods  make  1 
furlongs  make  1 
Section  2. — Be  it  further  enacted  by  the  authority  aforesaid, 
hat  the  denominations  of  superficial  measure  of  this  Common- 
ealth,  whereof  the  square  of  the  linear  yard,  as  heretofore 
’ovided,  is  the  standard  unit,  with  the  relations  to  said  standard 
id  to  each  other,  shall  be — 

30i  square  yards  make  1 

40  square  poles  make  1 

4 square  roods  make  1 

640  acres  make  1 

Section  3. — Be  it  further  enacted  by  the  authority  aforesaid, 
hat  the  denominations  of  liquid  measure  of  this  Commonwealth, 
n hereof  the  gallon,  as  heretofore  provided,  is  the  standard  unit, 
'th  the  relations  to  said  unit  and  to  each  other,  shall  be — 


pole  or  perch, 
rood. 


acre. 

square 


mile. 


4 

gills 

make 

1 

pint. 

2 

pints 

make 

1 

quart. 

4 

quarts 

make 

1 

gallon. 

3H 

gallons 

make 

1 

barrel. 

2 

barrels 

make 

1 

hogshead. 

2 

hogsheads 

make 

1 

pipe. 

2 

pipes 

make 

1 

tun. 

ISection  4. — Be  it  further  enacted  by  the  authority  aforesaid, 
lat  the  denominations  of  dry  measure  of  this  Commonwealth, 
jiereof  the  bushel,  as  heretofore  provided,  is  the  standard  unit, 
th  the  relations  to  said  standard  and  to  each  other,  shall 


4 pecks  to  make  1 bushel. 

Ad  the  minor  divisions  of  the  peck  shall  be  its  aliquot  parts, 
lovided  that  the  form  of  the  dry  measures  shall  be  conical, 
Bit  the  diameter  of  the  circle  of  the  top  of  the  measure  shall  be 
cf:  less  than  one-twentieth  greater  than  the  diameter  of  the 
Atom  of  the  measure,  and  the  height  not  more  than  nine-twelfths 
The  diameter  of  the  bottom. 
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Section  5. — Be  it  further  enacted  by  the  authority  aforesaid, 
That  the  denominations  of  weight  of  this  Commonwealth,  whereof 
the  troy  pound,  as  heretofore  provided,  is  the  standard  unit,  with 
the  relations  thereof  to  said  standard  and  to  each  other,  shall 
be — 

24  grains  make  1 penny-weight. 

20  penny-weights  make  1 ounce. 

12  ounces  make  1 pound. 

Section  0. — Be  it  further  enacted  by  the  authority  aforesaid, 
That  the  denominations  of  weight  of  this  Commonwealth,  where- 
of the  pound  avoirdupois,  as  heretofore  provided,  is  the  stand- 
ard unit,  with  the  relations  to  said  pound  and  to  each  other, 
shall  be — 


16 

drams 

make 

1 

ounce. 

16 

ounces 

make 

1 

pound. 

25 

pounds 

make 

1 

quarter. 

4 

quarters 

make 

1 

hundred. 

20 

hundreds  make 

1 

ton. 
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No.  I. 

Letter  from  the  Secretary  of  the  Commonwealth  of  Pennsylvania  to  the 
Managers  of  the  Franklin  Institute. 

Secretary’s  Office,  Harrisburg,  May  29,  1833. 

Gentlemen: — I have  the  honour  to  send  you  herewith  a copy  of  a 
resolution  of  the  House  of  Representatives  of  this  Commonwealth, 
passed  the  5th  ult.  accompanied  by  a printed  copy  of  the  bill  therein 
referred  to,  (as  I find  it  upon  the  files  of  the  House,)  with  a request 
that  you  will  take  the  same  into  consideration,  and  report  thereon, 
to  this  department,  previously  to  tjie  meeting  of  the  next  Legislature. 

This  transmission  has  been  delayed  until  now  by  reason  of  my  un- 
avoidable absence  from  the  seat  of  government.  It  is  hoped,  how- 
ever, that  sufficient  time  remains  for  the  full  consideration  of  the 
bill,  in  accordance  with  the  views  of  the  House,  as  expressed  in  the 
resolution. 


I am,  very  respectfully,  your  ob’t.  serv’t. 


To  the  Managers  of  the  Franklin  Institute 

of  the  State  of  Penn.  Philadelphia. 


S.  M‘KEAN. 


Resolution  accompanying  the  Letter  of  the  Secretary  of  the 
Commonwealth. 

In  the  House  of  Representatives,  April  5th,  1833. 

Resolved,  That  the  Secretary  of  the  Commonwealth  be,  and  he  is 
hereby  directed  to  refer  bill  No.  197,  on  the  files  of  the  House  of 
Representatives,  entitled  “An  act  relating  to  weights  and  mea- 
' sures  and  to  admeasurement,”  to  the  Managers  of  the  Franklin  In- 
stitute of  the  State  of  Pennsylvania,  for  the  promotion  of  the  Me- 
chanic Arts,  with  a request  that  they  would  take  the  same  into  con- 
sideration, and  report  to  the  said  Secretary,  previous  to  the  meeting 
of  the  next  Legislature. 

Extract  from  the  Journal. 


FRS.  R.  SIIUNK,  Clerk. 
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No.  II. 

A Bill  relating  to  Weights  and  Measures,  and  to  Admeasurement. 
Reported  to  the  House  of  Representatives  of  Pennsylvania.  Janu- 
ary 26,  1833. 

TABLE  OF  CONTENTS. 

Section  1.  Governor  to  procure  state  standards  for  weights  and  measures. 

2.  Standards  to  be  verified  from  time  to  time,  fkc. 

3.  “ made  to  conform  to  United  States  standards  when  established. 

4 Standard  yard  to  be  the  unit  of  length,  one-third  of  the  yard  to  be  a foot, 
one-twelfth  of  such  foot  to  be  an  inch. 

5.  “ to  be  graduated  so  as  to  exhibit  all  customary  divisions. 

6.  Multiples  and  fractions  of  the  yard,  foot,  or  inch,  to  be  in  parts  of  the  stand- 
ard. 

7.  Wine  gallon  to  contain  two  hundred  and  thirty-one  cubical  inches,  beer 
gallon  to  contain  two  hundred  and  eighty-two  cubical  inches. 

8.  Bushel  to  contain  two  thousand  one  hundred  and  fifty  and  forty-two  hun- 
dredths cubical  inches. 

9.  Measures  of  the  aliquot  parts  of  wine  gallon,  beer  gallon,  and  bushel,  to 

be  proportionate.  * • 

10.  Lime  bushel,  form  of. 

11.  Weights,  pound  troy,  pound  avoirdupois. 

12.  “ of  aliquot  parts  of  the  pound,  &c.  to  be  proportionate. 

13.  Governor  to  procure  standards  of  weights,  fkc.  for  the  respective  counties, 
and  cause  them  to  be  delivered  to  the  commissioners. 

14.  Standards  of  the  counties  to  be  verified  once  in  ten  years. 

15.  Commissioners  of  the  counties  to  appoint  inspectors  and  regulators. 

16.  Inspectors  to  make  oath,  &c.  of  office. 

17.  Compensation  for  regulating  weights,  fkc. 

18.  Weights,  fkc.  when  regulated  to  be  stamped. 

19.  Penalty  for  injuries  done  to  weights,  &.c.  by  inspectors,  &c. 

20.  Gauging  instruments  to  correspond  to  the  standards  of  the  state. 

21.  Weights,  fkc.  sold,  deemed  to  be  warranted,  fkc. 

22.  Penalty  for  selling  by  weights,  &c.  not  duly  regulated. 

23.  Persons  selling  by  false  weights,  &c.  with  intent  to  defraud,  indictable. 

24.  Acre  of  land  to  contain  four  thousand  eight  hundred  and  forty  horizontal 
square  yards.  Proviso. 

25.  Cord  of  wood  to  contain  one  hundred  and  twenty-eight  feet  in  solid  measure. 

26.  A hogshead  of  cider  to  be  one  hundred  and  ten  gallons,  in  wine  measure. 

27.  Grain  may  be  sold  by  weight.  Proviso. 

28.  Foreign  salt  may  be  sold  by  weight.  Proviso. 

29.  Anthracite  coal  may  be  sold  by  weight  or  measure. 

An  Act  delating  to  Weights  and  Measures  and  to  Admeasurement. 

Section  1.  Be  it  enacted  by  the  Senate  and  House  of  Representatives  of 
the  Commonwealth  of  Pennsylvania  in  General  Assembly  met,  and  it  is  hereby 
enacted  by  the  authority  of  the  same.  That  it  shall  be  the  duty  of  the  go- 
vernor to  procure  for  the  use  of  the  commonwealth,  metallic  standards  for 
weights  and  measures,  according  to  the  denominations  of  weights  and  measures 
which  have  been  used  and  approved  in  this  commonwealth,  which  standards 
shall  be  enclosed  in  suitable  cases,  and  deposited  and  carefully  preserved  in 
the  office  of  the  state  treasurer. 

Section  2.  And  be  it  further  enacted  by  the  authority  aforesaid.  That  il 
shall  also  be  the  duty  of  the  governor,  from  time  to  time,  as  he  shall  judge  ex 
pedient,  to  cause  the  said  standards  to  be  examined  and  tried,  and  if  necessary 
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to  be  corrected  or  renewed,  so  that  they  shall  at  all  times  be  of  their  original 
measure  or  weight  and  proportions. 

Section  3.  And  be  it  further  enacted  by  the  authority  aforesaid.  That, 
Provided  nevertheless.  That,  if  the  Congress  of  the  United  States  shall  hereafter 
establish  a standard  for  any  of  the  denominations  of  weights  or  measures.it  shall 
be  the  duty  of  the  governor  to  cause  the  standard  of  this  commonwealth,  for 
the  same  denomination,  to  be  made  equal  in  all  respects,  and  to  be  at  all  times 
conformable  thereto. 

Section  4.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  the 
standard  yard  which  shall  be  procured  by  the  governor,  shall  be  taken  as  the 
unit  of  all  measures  of  length,  and  one-third  part  of  the  said  standard  yard  shall 
be  a foot,  and  one-twelfth  part  of  such  foot  shall  be  an  inch. 

Section  5.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  the 
yard  aforesaid  shall  be  graduated  or  divided  by  marks  engraved  thereon,  so  that 
it  shall  exhibit  distinctly  the  following  measures,  to  wit  : 

The  length  or  rectilinear  extension  of  the  foot,  and  of  the  inch  aforesaid,  and 
all  the  customary  divisions  or  aliquot  parts  of  a foot. 

Also,  the  length  or  rectilinear  extension  of  one-half  of  a yard,  one-quarter  of 
a yard,  one-eighth  of  a yard,  one-sixteenth  of  a yard,  and  of  all  other  customary 
divisions  or  aliquot  parts  of  a yard. 

Section  6.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  all 
measures  of  extension,  whether  binary,  ternary,  decimal,  duodecimal,  or  other 
aliquot  parts,  divisions,  or  fractions  of  a yard,  foot,  or  inch,  or  any  multiple,  or 
combination  thereof,  expressed  or  known,  by  any  customary  measure,  or  by  any 
of  the  terms  of  admeasurement,  of  extension,  quantity,  capacity,  or  other  di- 
mension, shall  respectively  be  equal  to  the  same  part,  proportion,  or  multiple 
of  the  standard  yard,  foot,  or  inch  aforesaid,  and  not  otherwise. 

Section  7.  And  be  it  further  enacted  by  the  authority  aforesaid.  That  the 
standard  measure  of  the  wine  gallon  shall  contain  two  hundred  and  thirty-one 
cubical  inches  of  the  standard  inch  aforesaid,  and  no  more.  And  the  standard 
measure  of  the  beer  gallon  shall  contain  two  hundred  and  eighty-two  cubical 
inches,  as  aforesaid,  and  no  more. 

Section  8.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  the 
standard  measure  of  the  bushel  shall  contain  two  thousand  one  hundred  and 
fifty  cubical  inches  and  forty-two  hundredths  of  a cubical  inch,  of  the  standard 
inch  aforesaid,  and  no  more. 

Section  9,  And  be  it  further  enacted  bv  the  authority  aforesaid.  That  the 
measure  of  any  aliquot  or  fractional  part  of  the  wine  gallon,  beer  gallon,  and 
bushel  aforesaid,  shall  be  proportionate  thereto  respectively,  in  the  ratio  of  such 
aliquot  or  fractional  part. 

Section  10.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  the 
bushel  to  be  used  for  measuring  lime,  shall  be  made  in  the  form,  and  of  the 
dimensions  following,  to  wit:  thirteen  inches  and  a half  diameter  at  the  bottom 
in  the  clear,  fifteen  inches  diameter  at  the  top  in  the  clear,  and  thirteen  inches 
and  forty-seven  hundredths  of  an  inch  perpendicular  depth  in  the  clear. 

Section  11.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  the 
denomination  of  weights  shall  be  computed  upon  the  troy  pound  of  the  mint 
of  the  United  States,  in  the  manner  following,  to  wit:  The  troy  pound  of  this 
commonwealth  shall  be  equal  to  the  troy  pound  of  the  mint  aforesaid;  the 

I pound  avoirdupois  of  this  commonwealth  shall  be  greater  than  the  troy  pound 
aforesaid,  in  the  proportion  of  seven  thousand  to  five  thousand  seven  hundred 
and  sixty. 

Section  12.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  the 
weight  of  any  aliquot  or  fractional  part  of  the  troy  pound  and  avoirdupois 
pound  aforesaid,  shall  be  proportionate  thereto  respectively,  in  the  ratio  of  such 
aliquot  or  fractional  part. 

Section  13.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  it 
shall  also  be  the  duty  of  the  governor  to  procure  to  be  made  for  each  of  the 
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counties  of  this  commonwealth,  at  the  charge  of  the  counties  respectively,  a 
set  of  standards  for  weights  and  measures,  according  to  the  several  denomina- 
tions hitherto  adopted  into  use  in  this  commonwealth,  which  standards  shall  be 
accurately  adjusted  to  the  standards  aforesaid.  And  thereupon  he  shall  cause 
the  same  to  be  properly  sealed  or  stamped,  and  to  be  delivered  to  the  commis- 
sioners of  the  counties  respectively,  to  be  used  as  standards  for  the  adjusting 
of  weights  and  measures,  and  for  no  other  purpose. 

Section  14.  And  be  it  further  enacted  by  the  authority  aforesaid.  That  it  | 
shall  be  the  duty  of  the  commissioners  of  the  respective  counties,  at  least  once 
in  every  ten  years,  and  oftener  if  they  have  reason  to  believe  it  necessary,  to 
cause  the  standards  of  the  respective  county  to  be  examined  and  tried,  and  if  1 
necessary,  to  be  corrected  or  renewed  according  to  the  standards  aforesaid,  of 
the  commonwealth,  so  that  they  shall  be  equal,  and  in  all  respects  conform  and 
correspond  thereto. 

Section  15.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  the 
duty  of  the  inspector  and  regulator  of  weights  and  measures,  shall  in  the  several 
counties  of  this  commonwealth  (except  in  the  city  and  county  of  Philadelphia) 
be  performed  by  such  competent  person  or  persons  as  the  commissioners  of 
the  respective  county  shall,  with  the  approbation  of  the  court  of  quarter  ses- 
sions of  such  county,  designate. 

Section  16.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  every 
person  charged  with  the  inspection  and  regulation  of  weights  and  measures  as 
aforesaid,  shall,  before  he  enters  upon  the  duties  of  his  office,  make  oath  or  af- 
firmation to  perform  the  same  with  fidelity. 

Section  17.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  the 
persons  who  may  be  charged  with  the  inspection  and  regulation  of  weights  or 
measures,  as  aforesaid,  shall  not  be  entitled  to  demand  or  receive  any  fee  what- 
soever, for  their  services  in  that  behalf  ; but  they  shall  be  paid  for  the  same  out 
of  the  county  stock  according  to  contract  with  the  commissioners  of  the  re- 
spective county;  they  shall  demand  and  receive  for  the  use  of  the  county  for 
every  weight  and  measure  regulated  by  them,  such  sum  as  the  mechanical  la- 
bour employed  in  the  regulation  and  sealing  thereof  shall  be  reasonably  worth, 
and  no  more. 

Section  18.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  all 
weights  and  measures,  and  all  beams,  scales,  and  steelyards,  which  shall  be 
adjusted  to  the  standards  of  the  respective  counties  as  aforesaid,  by  the  officer 
charged  with  the  duty  of  the  inspection  and  regulation  thereof,  shall  be  au- 
thenticated or  stamped  by  him  with  some  sufficient  brand  or  seal. 

Section  19.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  if 
any  person  charged  with  the  duty  of  the  inspection  and  regulation  of  weights 
and  measures,  shall  unnecessarily,  carelessly,  or  through  want  of  skill,  mar  or 
injure  any  scale,  beam,  steelyard,  weight  or  measure,  while  in  his  hands  or 
possession,  for  the  purposes  of  his  office,  the  same  being  just  and  true,  or  su's 
ceptible  of  easy  adjustment  to  the  proper  standard,  he  shall  furnish  forthwith 
to  the  owner  thereof  a correct  scale,  beam,  steelyard,  weight  or  measure,  of 
the  same  kind,  and  of  equal  value,  or  in  default  thereof  shall  pay  to  such 
owner  twice  its  value. 

Section  20.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  all 
gauging  instruments  used  within  this  commonwealth  shall  be  constructed  so 
as  to  show  the  contents  or  ullage  of  any  vessel  or  cask,  according  to  the  mea- 
sures aforesaid.  And  if  any  person  shall  use  any  such  instruments  of  any  other 
construction  or  proportion,  such  person  shall,  before  marking  the  contents  of 
any  cask,  or  the  ullage  thereof,  as  shown  by  such  instrument,  reduce  the  same  : 
to  the  standard  measures  aforesaid,  under  penalty  of  ten  dollars  for  every  « 
neglect,  for  the  use  of  any  person  who  may  be  aggrieved  thereby. 

Section  21.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  all 
weights  and  measures  sold  within  this  commonwealth,  shall  be  deemed  to  have 
been  warranted  by  the  seller  to  correspond  (according  to  the  respective  de- 
nomination) with  the  standards  aforesaid. 
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Section  22.  And  be  it  further  enacted  by  the  authority  aforesaid,  That 
every  person  who  shall  sell  or  buy  any  article  of  merchandise,  or  traffic,  or  any 
thing'  whatsoever  by  any  false  yard,  beam,  scale,  weight  or  measure,  to  the  in- 
jury of  another,  the  person  selling  or  buying  as  aforesaid,  being  the  owner 
of  such  yard,  beam,  scale,  weight  or  measure,  and  not  having  had  the  same 
duly  regulated  and  approved  by  a lawful  standard  within  one  year,  shall  forfeit 
thrice  the  value  of  the  article  so  sold  or  bought,  one  half  to  the  use  of  the 
county,  and  the  other  half  to  the  use  of  the  person  aggrieved,  to  be  recovered 
in  one  action,  founded  on  this  act : Provided,  That  in  no  case  shall  the  penalty 
aforesaid,  be  less  than  three  dollars. 

Section  23.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  if 
any  person  shall  sell  or  buy  any  article  of  merchandise  or  traffic,  or  any  thing 
whatsoever,  by  any  false  yard,  beam,  scale,  weight  or  measure,  knowing  the 
same  to  be  false,  and  intending  thereby  to  deceive  or  defraud,  such  person 
ihall  be  liable  to  indictment  and  punishment  as  in  cases  of  misdemeanor. 

Section  24.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  an 
acre  of  land  shall  contain  four  thousand  eight  hundred  and  forty  horizontal 
square  yards  of  the  standard  yard  aforesaid,  or  a surface  which  shall  be  equiva- 
lent thereto.  Provided,  That  nothing  in  this  section  shall  be  deemed  or  taken 
to  affect  the  allowance  of  any  surplus  quantity  to  which  any  person  may  be 
Otherwise  entitled  by  virtue  of  any  record,  patent,  deed,  or  other  instrument, 
or  contract. 

Section  25.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  the 
standard  dimensions  of  a cord  of  bark,  or  of  wood  for  fuel,  shall  be  eight  feet 
n length,  including  one  half  of  the  kerf,  four  feet  in  breadth,  and  four  feet  in 
leight,  containing  one  hundred  and  twenty-eight  feet  of  the  standard  foot 
iforesaid,  in  solid  measure,  well  stowed  and  packed.  And  if  any  part  of  the 
wood  be  crooked  it  shall  be  placed  at  the  top  of  the  cord  or  load,  and  a rea- 
sonable and  fair  allowance  shall  be  made  by  all  corders  and  venders  of  wood 
or  the  deficiency  which  may  be  occasioned  by  such  crooked  or  uneven  wood. 

Section  26.  And  be  it  further  enacted  by  the  authority  aforesaid.  That  a 
Hogshead  of  cider  shall  be  deemed  and  taken  to  be  one  hundred  and  ten  gal- 
ons  thereof,  in  wine  measure,  in  all  cases  where  there  shall  be  no  special 
agreement  to  the  contrary. 

Section  27.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  the 
several  kinds  of  grain  hereinafter  mentioned,  may  be  estimated  and  sold  by 
weight  avoirdupois,  as  follows,  to  wit  : sixty  pounds  of  wheat,  fifty-eight 
aounds  of  rye,  fifty-eight  pounds  of  corn,  forty-eight  pounds  of  buckwheat, 
'orty-seven  pounds  of  barley,  thirty-two  pounds  of  oats,  shall  be  deemed  and 
aken  to  be  equal  each  to  a bushel  as  aforesaid,  of  the  said  kinds  of  grain  re- 
pectively:  Provided  nevertheless,  That  the  said  kinds  of  grain  may  be  bought 
>r  sold  by  measure  as  heretofore. 

Section  28.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  the 
everal  kinds  of  foreign  salt  hereinafter  mentioned,  may  be  estimated  and  sold 
iy  weight  avoirdupois  as  follows,  to  wit:  Eighty-five  pounds  of  coarse  salt,  sev- 
:nty  pounds  of  ground  salt,  sixty-two  pounds  of  fine  salt,  shall  be  deemed  and 
aken  to  be  equal  each  to  a bushel,  as  aforesaid,  of  the  said  kinds  of  salt  re- 
pectively:  Provided,  That  the  said  kinds  of  salt  may  be  bought  or  sold  by  mea- 
ure  as  heretofore. 

Section  29.  And  be  it  further  enacted  by  the  authority  aforesaid,  That  an- 
liracite  coal  may  be  sold  by  weight  avoirdupois,  or  by  the  bushel  measure  as 
ollows,  to  wit:  Every  bushel  of  coal  shall  contain  eighty  pounds  thereof, 
i:very  hundred  weight  shall  be  deemed  and  taken  to  be  one  hundred  and 
welve  pounds  thereof,  twenty-eight  bushels  or  two  thousand  two  hundred  and 
orty  pounds  thereof  shall  be  deemed  and  taken  for  one  ton. 

Section  30.  And  be  it  further  enacted  by  the  authority  aforesaid.  That  all 
lecuniary  penalties  and  forfeitures  imposed  by  this  act,  shall  be  recoverable  in 
ike  manner  as  debts  of  equal  amount  may  be  recovered. 

Section  31.  And  be  it  further  enacted  by  the  authority  aforesaid,  That, 
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Provided,  that  nothing  in  this  act  shall  be  construed  so  as  to  interfere  with  any 
special  provision  heretofore  made  by  law,  respecting  the  powers,  duties,  or 
emoluments  of  the  regulator  of  weights  and  measures,  or  of  the  sealer  of  dry 
measures  for  the  city  and  county  of  Philadelphia. 


No.  III. 

Appointment  of  the  Committee  on  Weights  and  Measures. 

At  a stated  meeting  of  the  Board  of  Managers  of  the  Franklin  In- 
stitute, held  June  13,  1833,  the  Chairman  read  the  above  commu- 
nication from  the  Secretary  of  the  Commonwealth  of  Pennsylvania; 
when,  on  motion,  the  communication,  together  with  the  accompany- 
ing documents,  were  referred  to  the  annexed  special  committee,  with 
instructions  to  report  to  the  Board. 

Committee — A.  D.  Bache,  S.  V.  Merrick,  W.  H.  Keating,  R.  Ty- 
ler, M.  W.  Baldwin,  B.  Say,  A.  Spencer,  A.  Miller,  R.  M.  Patterson, 
M.  D.,  S.  C.  Walker,  B.  Stancliff,  T.  McEuen,  M.  D.,  E.  Draper,  D. 
H.  Mason,  B.  Reeves,  T.  P.  Jones,  M.  D.,  F.  Fraley,  S.  Moore,  M. 
D.,  and  Samuel  Hains. 

In  compliance  with  the  appointment  of  the  Board  of  Managers, 
a meeting  of  the  committee  was  held  at  the  Hall  of  the  Institute, 
June  20,  1833. 

When  T.  McEuen,  M.  D.  was  requested  to  examine  the  papers 
and  reports  made  on  weights  and  measures  in  France,  and  condense 
the  same,  in  a report  for  the  use  of  the  committee. 

Mr.  Sears  C.  Walker,  to  perform  the  same  duty  with  regard  to 
papers  and  reports  made  in  England,  and 

Professor  Alex.  D.  Bache  to  report  on  the  proceedings  on  the 
same  subject  in  the  United  States. 

At  subsequent  meetings  of  the  committee,  held  at  the  Hall  of  the 
Institute,  August  1st  and  3d,  1833 — the  gentlemen  before  referred 
to,  presented  their  reports,  which  were  read,  and  ordered  to  be 
printed,  lot  the  use  of  the  committee: — 

On  motion,  Dr.  Moore  was  requested  to  furnish  the  committee  with 
the  authentication  of  the  Troy  pound  used  in  the  mint  of  the 
United  States — which  document  was  also  ordered  to  he  printed. 


No.  IV. 

Report  giving  an  account  of  the  Sustem  of  Weights  and  Measures  o) 
France.  % T.  AUEuen,  M.  D. 

The  system  of  weights  and  measures  in  France,  with  the  legisla- 
tion respecting  it,  has  been  so  ably  treated  by  the  late  President  John 
Q.  Adams,  that  a reference  to  his  report  would  fully  answer  the  pur- 
pose of  the  committee.  As  it  was,  however,  necessary  to  present  tc 
the  committee  the  most  important  facts  connected  with  this  philo- 
sophical system,  I have  endeavoured  to  do  so  in  a condensed  form 
A few  extracts  from  the  report  of  Mr.  Bonne  will  serve  to  show  in 
what  confusion  the  subject  was  involved  before  the  adoption  of  the 
metrical  system. 
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The  Roman  pound,  f of  the  Mark  pound  very  nearly,  (8oz.  Boyer) 
'as  in  use  in  France  until  the  age  of  Charlemagne,  who  introduced  a 
ound  of  12oz.  Mark,  divided  into  20  sous  and  240  deniers,  which 
'as  employed  till  the  reign  of  Philip  I.  who  fixed  the  Mark  at  | of 
le  pound  of  Charlemagne.  During  feudal  times  the  confusion  of 
-eights  and  measures  became  great,  From  that  time  the  evil  has 
een  increasing,  and  efforts  have  been  lately  (1790)  made  to  obtain  a 
mple  standard. 

Monton  has  proposed  the  third  of  a degree  of  the  meridian. 
Bouguer,  the  pendulum  vibrating  in  seconds. 

La  Condamine,  one  of  its  parts. 

Pancton,  the  Egyptian  foot  which  is  half  a cubit  of  the  Nilometer. 
Collignon,  the  billionth  part  of  a great  circle. 

The  Equatorial  foot,  obtained  from  the  circumference  of  the  earth 
t the  equator,  by  observing  the  movements  of  the  sun,  moon,  and  a 
ar,  is  the  base  of  a system  offered  to  the  National  Assembly  by 
[r.  Bonne  in  1790. 

This  foot.=l4  inches  Eng.  very  nearly. 

The  English  foot,=  |ths  of  an  Equatorial  ft. = 11  in,  3 lines,  2.4 
oints  Paris  measure.  It  is  also  equal  to  the  foot  of  Macedonia,  those 
f Urbino  and  Pesaro,  the  half  arschine  of  Russia. 

The  cubit  of  the  Nilometer=  1 .824ft.  English  = lft.  8in.  61ines 
pts.  Paris  is  to  the  Equat.  ft.  as  25  to  16,  this  relation  being  express- 
d by  complete  squares,  these  two  measures  will  be  in  the  ratio  of 
te  lengths  of  two  pendulums  which  may  be  easily  compared  toge- 
ler. 

It  is  divided  into  16  digits  or  12  inches,  of  which  the  ancient  Ro- 
lan  foot=l0  inches,  the  Palm  now  used  by  the  Roman  architects 
= 10  digits. 

From  the  measures  in  use  based  on  this  foot  as  the  original  stand- 
rd,  some  of  the  most  convenient  may  be  chosen;  for  example,  the 
11  of  Bayonne  is  2|ft.  Equat. 

If  it  were  longer  it  would  be  inconvenient,  as  for  instance  with 
the  Ell  of  Laval  nearly  4ft.  Equat.  the  canne  of  Toulouse,  that  of 
lontauban  and  of  Nozai=5ft.  Equat.  These  measures  are  so  long 
tat  a single  individual  cannot  use  them  with  convenience. 

Measures  of  capacity,  dry  and  liquid. — The  Equat.  ft.  being  13in. 
Ii.  8|-*  pts.  in  length,  its  cube  is  2270||  cubic  inches.  Following  the 
xample  of  the  ancients,  this  is  taken  for  the  medimne  or  minot  of 
rain. 

An  equal  bulk  of  pure  water  would  weigh  91|Jlb.  mark  at  15| 
.eaumur,  and  of  wheat  would  weigh  70§|lb. 

Pure  water  is  preferable  to  all  other  liquids  for  the  purpose  of  a 
tandard;  it  is  always  to  be  obtained,  and  is  one  of  the  most  homoge- 
eous  of  liquids : besides,  it  dilates  very  slightly  at  the  temperature 
ast  referred  to. 

Moreover,  the  peculiarities  of  this  fluid  have  been  ascertained  by 
ery  nice  experiments,  reduced  to  the  mean  height  of  the  barom- 
ter  (2|Aft.  Paris),  at  the  level  of  the  sea,  in  45  degrees  of  Lati- 
ude,  eight  times  the  Equat.  ft.  would  constitute  the  tun  for  wine 
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and  liquor,  it  would  be  the  cube  of  two  feet,  weighing  when  filled 
with  pure  water  735|  lbs.,  and  containing  378|  pints,  Paris  measure. 

The  Equat.  cubic  foot  is  also  the  bushel  of  water  in  English  mea- 
sure, and  the  wiertel  of  Arnstadt  in  Thuringia.  The  mesare  of  Be- 
satu^on  is  one  half  ot  this  minot;  it  will  be  subdivided  like  the  tun, 
into  halves,  thirds,  quarters,  sixths  and  eighths. 

An  eighth  will  be  the  quarte , or  quarter,  of  the  bushel;  this  filled 
with  pure  water  will  weigh  1 l|tj  lbs.  mark,  and  with  wheat  Sj-Jdbs. — 
thus  half  of  the  minot  for  grain  will  be  the  bushel,  because  it  is  the 
mean  of  all  the  measures  of  the  same  kind  in  France. 

The  thirds,  sixths  and  twelfths  have  been  proposed,  because  they 
correspond  with  many  measures  now  in  use;  but  if  the  smaller  divi- 
sions are  by  halves,  quarters  and  eighths,  the  former  will  be  less  ne- 
cessary, as  grain  is  not  so  valuable  as  to  render  very  small  measures 
necessary.  The  Equat.  foot  will  also  be  the  basis  of  liquid  measures: 
the  mode  of  deriving  the  tun  from  it  has  been  already  shown.  This 
foot  will  be  the  metrete  or  amphora,  divided  as  we  have  already  done 
the  minot.  The  eighth  will  be  the  velle  divided  into  thirds,  sixths, 
and  twelfths. 

The  eighth  of  the  velte  of  pure  water  will  weigh  lg^lb.  mark,  this 
will  be  the  chopine  of  which  the  double — the  pinte  will  be  preferred 
only  because  it  corresponds  with  the  mean  of  all  the  measures  of  the 
same  denomination  throughout  the  kingdom. 

I proceed  next  to  an  analysis  of  the  report  on  the  measure  of  the 
meridian  in  France,  and  the  results  deduced  from  it,  to  determine  the 
basis  of  the  new  system  of  measures,  made  to  the  National  Institute 
of  France,  in  the  name  of  the  class  of  Mathematical  and  Physical 
Sciences. 

In  pursuance  of  a proposition  made  by  Talleyrand  to  the  Assem- 
blee  Conslituante,  the  Academy  of  Sciences  was  directed  to  decide 
upon  a basis  for  a system  of  weights  and  measures. 

The  Academy  named  for  this  purpose,  a committee,  consisting  oi 
Messrs.  Borda,  Laplace,  Lagrange,  Monge  and  Condorcet;  who 
reported  the  1 9th  March,  1791.  In  this  report  three  methods  for 
obtaining  an  invariable  standard,  are  discussed. 

1st,  the  length  of  a pendulum,  2nd,  a fourth  part  of  the  equator 
of  the  earth,  3d.  a fourth  part  of  a terrestrial  meridian. 

The  committee  gave  preference  over  other  pendulums  to  that  vi- 
brating seconds  in  lat.  45°. 

It  must  be  observed  that  there  enters  into  computations  based  on 
this  instrument,  a heterogeneous  element,  which  is  time,  and  an 
arbitrary  one,  viz:  the  division  of  the  day  into  twenty-four  hours,  or 

86400  seconds. 

The  other  two  proposed  bases  are  not  liable  to  this  objection,  as 
they  depend  only  on  linear  extension;  they  have  another  advan- 
tage, which  is,  that  being  taken  from  the  surface  of  the  earth, 
they  correspond  to  the  use  made  of  them  for  the  common  pur- 
poses of  life.  For  instance,  the  measures  of  the  distance  betweer 
two  points  on  the  earth’s  surface,  or  the  extent  of  a certain  por- 
tion of  that  surface.  It  is  certainly  much  more  natural  to  compare 
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the  distance  between  any  two  places,  to  a part  of  a terrestrial  circle, 
than  to  the  length  of  a pendulum. 

The  relative  advantages  of  a quarter  of  a meridian  and  of  the  same 
portion  of  the  equator  are  now  to  be  examined. 

The  regularity  of  the  equatorial  circle,  and  the  regularity  or  cor- 
respondence of  the  degrees  of  the  meridian  are  equally  doubtful: 
but  a circle  corresponding  with  the  equator  is  not  very  susceptible 
of  being  measured  with  accuracy.  It  may  be  said  with  truth  that 
every  nation  of  the  earth  has  its  meridian,  while  but  few  live  at  the 
equator:  the  operations  necessary  to  determine  exactly  the  equa- 
torial circle,  require  to  be  carried  on  in  countries  remote  from  civi- 
lization, and  the  expense  and  difficulty  would  surpass  the  advan- 
tage to  be  derived  from  them.  This  would  be  the  case,  as  well  in 
the  first  observations,  as  in  those  that  might  become  necessary  to 
verify  the  results  obtained.  A fourth  part  of  a degree  of  the  meri- 
dian is,  therefore,  to  be  preferred  ; a ten  millionth  part  of  this  extent 
will  be  assumed  for  the  ordinary  unit  of  measure. 

The  customary  division  of  the  meridian  into  degrees,  minutes,  and 
seconds,  is  abandoned,  because  the  decimal  division  corresponding 
with  an  arithmetical  scale  is  more  readily  applicable  to  common  use, 
and  the  inconvenience  of  two  systems  of  division  would  be  without 
end. 

On  the  other  hand,  the  difficulty  of  a change  is  temporary,  and 
will  fall  on  a few  persons,  accustomed  to  calculation  : the  perfection 
of  the  operation  should  not  be  sacrificed  to  considerations,  which,  in 
many  respects,  appear  to  the  committee  to  be  personal. 

In  adopting  these  principles,  nothing  arbitary  enters  into  the  mea- 
sures but  the  arithmetical  scale  by  which  they  are  divided.  And  with 
regard  to  weights,  the  choice  of  a substance  homogeneous  and  at  all 
times  easily  procured  equally  pure  and  dense,  to  serve  as  a standard, 
is  the  only  thing  assumed  arbitrarily. 

To  fulfil  these  conditions  we  propose  distilled  water,  in  vacuo,  or 
reduced  to  the  weight  it  would  have  in  that  situation,  and  at  the  tem- 
perature at  which  it  passes  from  the  solid  to  the  fluid  state. 

It  is  therefore  proposed  to  measure,  as  soon  as  practicable,  an  arc 
of  the  meridian  from  Dunkirk  to  Barcelona,  comprehending  a little 
more  than  nine  and  a half  degrees.  This  extent  is  quite  sufficient, 
and  it  embraces  about  six  degrees  to  the  north  and  31  to  the  south 
of  the  mean  parallel  of  latitude.  To  these  advantages,  is  added  that 
of  having  the  two  extremities  at  the  level  of  the  sea,  points  invari- 
ably fixed  by  nature.  By  extending  the  line  beyond  the  Pyrenees, 
all  uncertainty  as  to  the  influence  which  these  mountains  may  exer- 
cise on  the  instruments  employed,  will  be  avoided. 

The  operations  necessary  for  this  purpose  are,  1st,  to  determine 

(the  difference  of  latitude  between  Dunkirk  and  Barcelona,  and  to 
make,  on  this  line,  all  the  astronomical  observations  which  may  be 
thought  useful. 

2nd,  To  measure  the  old  bases  employed  in  the  measure  of  a de- 
xgree  made  at  Paris,  and  in  the  construction  of  the  map  of  France. 
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3d,  To  verify,  by  new  observations,  the  series  of  triangles  used  in 
measuring  the  meridian,  and  to  prolong  it  to  Barcelona. 

4h,  To  make  at  the  forty-fifth  degree  of  north  latitude,  observa- 
tions to  determine  the  number  of  vibrations  made  in  a day,  in  vacuo, 
by  a simple  pendulum,  at  the  level  of  the  sea,  and  at  the  temperature 
of  melting  ice,  the  simple  pendulum  to  be  equal  to  the  ten  millionth 
part  of  an  arc  of  the  meridian  ; the  number  of  these  vibrations  being 
known,  the  standard  of  measure  maybe  formed  again  at  any  time  by 
observations  of  the  pendulum.  By  this  plan  are  combined  the  advan- 
tages of  the  system  adopted,  and  of  those  that  would  arise  from  as- 
suming the  length  of  the  pendulum  as  the  unit  of  length. 

The  observations  on  the  pendulum  may  be  made  before  the  ten 
millionth  of  the  arc  is  ascertained  : as,  when  the  number  of  vibra- 
tions of  a pendulum  of  a given  length  is  known,  it  will  be  sufficient 
for  deducing  the  number  sought,  to  compare  the  known  length  of  the 
pendulum  to  the  ten  millionth  part  of  the  arc. 

5th,  To  ascertain  by  new  and  careful  experiments,  the  weight  in 
vacuo  of  a given  bulk  of  distilled  water  at  the  temperature  of  melt- 
ing ice. 

6th,  To  compare  together  the  different  measures  of  length,  sur- 
face or  capacity,  and  the  weights  used  in  commerce,  in  order  to  find 
eventually  their  corresponding  values  in  the  new  measures  and 
weights,  when  these  shall  have  been  determined. 

This  report  was  adopted  by  the  Academy,  and  presented  to  the 
National  Assembly;  by  which  body  measures  were  taken  for  car- 
rying the  project  into  effect. 

The  Academy  was  authorized  to  appoint  committees  for  each  of 
the  proposed  investigations.  This  was  immediately  done  ; and  the 
selecting  and  preparing  instruments,  was  the  preliminary  step  taken. 

The  successful  use  of  the  repeating  circle  of  Borda  in  measuring 
the  distance  between  Paris  and  Greenwich,  in  1787,  the  facility 
with  which  it  is  applied  to  taking  altitudes,  and  its  small  dimensions, 
proved  that  it  might  be  used  to  replace  other  larger  instruments. 

Four  were  constructed  by  Lenoir,  with  a radius  somewhal 
longer  than  that  of  the  instrument  used  in  1787  (which  was  ll 
inches.) 

The  same  artist  made  the  platinum  rules  used  in  measuring  the 
bases,  another  platinum  rule  for  observations  on  the  pendulum,  and 
two  spheres,  one  of  gold,  the  other  of  platinum,  for  the  same  purpose 

The  rules  of  platinum  for  measuring  the  bases  were  twice  the 
toise  of  Peru  (i.  e.  12  feet  French)  in  length,  having  a strip  of  cop 
per  on  the  upper  surface  to  serve  as  a thermometer,  placed  upoi 
a support  of  wood  and  protected  by  a roof ; there  were  four  of  them 
numbered  one,  two,  three,  and  four.  When  used  they  were  not  ii 
contact,  but  placed  near  each  other,  and  the  distance  between  then 
measured  by  a slip  of  platinum  graduated  so  as  to  form  a vernier. 

The  measure  of  the  meridian  was  made  by  Messrs.  Mechain  am 
Delambre,  the  latter,  that  portion  between  Dunkirk  and  Rhodez 
Mechain,  whose  operations  were  between  the  last  named  point  am 
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Barcelona,  was  prevented  by  death  from  extending  the  line  to  the 
Island  of  Cubrira,  as  he  had  intended.  This  intention  was  afterwards 
carried  into  effect  by  Messrs.  Biot  and  Arago. 

Two  bases,  one  between  Melun  and  Lieusaint,  6075.90  toises,  the 
)ther  between  Vernet  and  Salies,  6006.25  toises,  were  measured 
uy  Delambre : each  about  7 miles. 

The  latitude  of  the  several  points  was  observed  by  the  same  gen- 
lemen. 

It  is  unnecessary  to  enter  into  the  minute  detail  of  these  opera- 
ions,  they  were  made  with  the  most  scrupulous  nicety : the  results 
rere  examined  by  a number  of  scientific  men  of  several  nations, 
ivited  by  the  French  government  to  constitute  a part  of  the  com- 
mittee on  weights  and  measures.  They  afford  all  the  data  necessary 
or  determining  the  base  of  the  new  metric  system ; and  in  addition 
ive  rise  to  some  very  interesting  questions  on  the  form  of  the  earth. 

The  arc  of  the  meridian  between  Dunkirk  and  Montjouy  subtends 
celestial  arc  of9f607^8^  degrees;  its  length  is  275,792t?j60  modules, 
bout  650  miles.  From  this  base  a fourth  part  of  the  meridian  has  been 
educed  by  strict  calculations  ; the  flattening  of  the  earth  toward  the 
oles  being  determined  from  the  above  measure  and  others  made  in 
ifferent  parts  of  the  world,  to  be  3 J^th  of  the  diameter  at  the  equator. 

The  fourth  part  of  the  terrestrial  meridian  is  found  to  be  2,565,370 
lodules  ; and  as  a final  result,  its  ten  millionth  part,  or  the  metre , the 
nit  of  length  is t^oVWo  module,  or  3 ft.  11  lines  of  the  toise 

f Peru,  at  13°  Reaumur,  equal,  according  to  the  Academy,  to  39.3827 
iches  English;  according  to  Capt.  Kater,  to  39.39079;  according  to 
ir.  Hassler,  to  39.3802  inches.* 
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The  measure  of  surface  is  the  arc  = 10  metres  square;  and  the 
e>e  is  a solid  measure  the  content  of  which  is  a cubic  metre. 


* As  the  flattening  of  the  earth’s  surface  towards  the  pole  is  not  exactly 
aown,  the  following  table  shows  the  difference  in  length  of  the  metre:  when 
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The  determination  of  the  unity  of  weight  was  made  by  Lefevre 
Gineau  and  Fabbroni,  with  equal  care  and  skill. 

The  points  to  be  decided  previously  to  an  experimental  inquiry, 
are;  1st,  to  fix  on  the  volume  to  serve  as  a standard  of  comparison. 

2nd,  the  choice  of  a proper  substance. 

3d,  to  ascertain  the  weight,  or  the  quantity  of  matter,  which  the 
substance  contains  in  a given  volume. 

The  volume  may  be  taken  arbitrarily,  but  convenience  requires 
that  it  should  be  moderate,  and  the  decimal  system  that  it  should  be 
expressed  by  a cubic  number,  which  is  at  the  same  time  a decimal 
submultiple  of  the  metre. 

The  Academy  therefore  adopted  the  thousandth  part  of  the  cube 
of  the  metre,  or,  what  is  the  same  thing,  the  cube  of  the  decimetre. 
They  also  made  choice  of  water,  for  the  substance  of  which  the 
weight  of  a cubic  decimetre  should  be  the  unit  of  weight. 

This  substance,  remaining  lluid  at  a temperature  easily  obtained 
every  where  ; being  of  such  a density,  that  accurate  experiments 
may  be  made  in  it  without  difficulty;  and  above  all,  being  easily  ob- 
tained in  a state  of  purity,  is  more  appropriate  than  any  other  for  the 
purpose  in  view. 

The  method  which  naturally  presents  itself  of  determining  this 
weight,  that  of  filling  with  distilled  water  a vessel  of  which  the  sides 
are  decimetres,  and  weighing  it,  offers  so  little  hope  of  accuracy 
that  it  cannot  be  adopted.  Recourse  must  obviously  be  had  to  the 
principle  in  Hydrostatics,  that  the  weight  of  any  fluid  contained  in  a 
given  volume,  is  equal  to  the  weight  which  that  volume  loses  by  inr 
mersion  in  the  fluid. 

But  the  experiment  in  confirmation  of  the  principle  which  ordi 
narily  appears  to  be  so  easy  and  simple,  is  singularly  difficult,  whet 
it  is  made  with  a view  to  determine  an  absolute  quantity  ; great  pre 
cision  is  required,  in  ascertaining  the  volume  of  the  body  employed 
and  in  weighing  it  in  the  air  and  in  the  water:  reductions  are  alsott 
be  made  for  the  weight  and  temperature  of  the  air. 

To  fulfil  these  conditions,  a hollow  cylinder  of  brass,  the  forn 
most  easily  made  regular,  of  which  the  diameter  was  about  equal  t< 
the  height,  and  the  volume  something  more  than  eleven  cubic  deci 
metres  was  constructed.  Its  sides  within,  were  so  sustained  that  n< 
change  of  form  could  take  place  when  it  was  immersed  in  water 
Notwithstanding  the  care  taken  in  making  this  cylinder,  it  was  fount 
to  be  not  quite  perfect;  it  became  necessary,  therefore,  to  find  its  di 
mensions  by  the  nicest  measurement ; the  exact  solid  content  wa 
0.0112900054  cubic  metre,  or  11.29  cubic  decimetres. 

Weights  of  brass  divided  decimally  and  strictly  compared,  wer 
used  ; and  the  balance  employed,  was,  when  loaded  with  two  pound 
mark  in  each  dish,  sensible  to  the  millionth  part  of  that  weight 
In  weighing  the  cylinder,  it  was  placed  in  one  of  the  dishes,  an 
counterbalanced,  it  was  then  removed  and  the  weights  put  into  th 
same  dish. 

The  mean  of  fifty-three  trials,  differing  in  the  extremes  only  b 
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45  millionth  parts,  gave  as  the  true  weight  of  the  cylinder  11^ 
units,  and  as  the  counterpoise  was  of  the  same  substance  with  the 
material  weighed,  the  weight  in  air  was  exactly  what  it  would  have 
been  in  vacuo. 

In  ascertaining  the  weight  in  water  many  other  circumstances 
iwere  to  be  considered.  The  mean  of  thirty-six  trials,  in  which  the 
greatest  difference  amounted  to  but  45  millionth  parts,  gave  very 
nearly  T200Q9Qths.  of  the  unit,  (exactly  0.2094190)  tor  the  apparent 
weight. 

The  following  allowances  were  made  to  obtain  the  true  weight. 

1st.  The  air  sustains  the  weight  employed,  and  not  the  cylinder 
which  is  immersed  in  water,  therefore  the  weight  of  a volume  of 
air  equal  to  the  bulk  of  the  weights  employed,  is  to  be  deducted. 

2nd.  As  the  cylinder  is  hollow,  the  weight  of  the  air  contained  in 
the  cavity  is  also  to  be  deducted. 

3d.  The  temperature  of  melting  ice  had  been  assumed  for  the  state 
of  density  of  the  water  ; it  was  however  found  impracticable  to  re- 
duce the  temperature  below  two-tenths  of  a degree  of  the  centigrade 
scale;  and  the  mean  temperature  of  the  water  during  the  experi- 
ments was  three  tenths. 

The  experiments  of  De  Luc  rendered  it  probable  that  the  point 
of  greatest  density  of  water  was  about  5°  centigrade.  New  experi- 
ments were  made  to  obtain  exact  results,  from  which  it  appeared 
llithat  the  point  of  greatest  density  of  water  is  a little  above  4°  Cent.  = 
1)39.2°  Fahrenheit.  A highly  important  fact,  affording  a point  of  den- 
sity which  is  invariable,  and  being  the  only  instance  of  the  kind  in  a 
liquid. 

The  committee  determined  to  employ  it,  and  to  deduct  i ^^ths. 
of  the  unit  from  the  apparent  weight,  this  being  the  difference  be- 
tween the  weight  lost  by  the  cylinder  when  weighed  in  water  at 
r30ths.  of  a degree  Cent.,  and  that  lost  when  the  water  is  at  its  maxi- 
mum density. 

With  these  allowances  the  weight  of  the  cylinder  in  distilled  water 
at  its  maximum  density  was  ths. 

Two  other  circumstances  are  to  be  considered,  the  weight  in  air 
was  taken  at  the  temperature  of  Vl\°  that  in  water  at  the  con- 
traction of  the  brass  is  therefore  to  be  allowed  for,  according  to  the 
result  of  experiments  instituted  to  ascertain  the  rate  of  expansion  in 
brass  by  increase  of  temperature. 

Again,  a small  excess  of  volume  arises  from  the  tube  of  brass  by 
(which  the  cylinder  was  suspended , these  farther  reductions  bring 
the  true  volume  to  11.27  cubic  decimetres,  which  is  the  volume  of 
water  weighing  11.27  units. 

Whence  a cubic  decimetre  of  water  at  its  greatest  density  weighs 
j909^ths.  of  the  unit,  which  is  the  Kilogramme  of  the  new  metric  sys- 
tem. 

The  relation  of  the  arbitrary  weight  we  have  called  the  unit,  to  the 
old  weights,  remains  to  be  considered;  for  this  purpose  a comparison 
was  made  between  it  and  the  “ pile  de  Charlemagne,”  and  it  was  found 
that  the  fifty  marks  which  constitute  the  pile  were  equal  to  12.227944 
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units  of  the  weight  employed.  Its  unit  was,  therefore,  equal  to 

18842.088025  grains  mark. 

Whence  it  results  that  the  true  Kilogramme  or  the  cubic  Decime- 
tre of  distilled  water  at  maximum  density,  weighs,  in  vacuo,  18827.15 
grains  mark;  or  1644.579  grains  English. 


The  weights  are, 


the  Kilogramme, 
Hectogramme 
Decagramme 
Gramme 
Decigramme 
Centigramme 
Millegramme 


divided  into  1000  grammes. 
,,  100  grammes. 

„ 10  grammes. 

Unit. 

jLth.  gramme. 
jJ^th.  gramme. 
1 oV oth-  gramme. 


The  measures 
they  are,  the 


of  capacity  are  likewise  based  on  the  metre, 


Decalitre 

Hectolitre 

Kiliolitre 

Centilitre 

Decilitre 

Litre 


10  metres, 

100  „ 

1000  „ 

j^jth  metre. 
to  th  ,, 
cubic  metre. 


The  standards  prepared  by  the  committee  were,  for  measures  of 
length: 

A Platinum  metre  to  be  deposited  with  the  Corps  Legislatif,  to  be 
preserved  with  the  greatest  care,  and  to  be  used  only  on  the  most 
important  occasions. 

For  ordinary  adjustments  there  were  prepared  with  the  same  care 
and  precautions,  metres  of  iron,  corresponding  exactly  with  each 
other,  and  at  the  temperature  of  melting  ice,  with  the  platinum 
standard.  The  ends  of  these  iron  metres  are  preserved  from  wear- 
ing by  projections  of  brass. 

As  however  different  metals  expand  unequally  by  the  same  change 
of  temperature,  convenience  requires  that  the  ordinary  standards 
should  be  made  at  10°  or  15°  Cent.-,  because  a change  of  10° 
above  or  below  that  temperature  will  produce  a variation  of  but 
j-^ths.  of  a millimetre  between  a metre  of  iron  and  one  of  platinum, 
and  of  jljjths.  of  a millimetre  when  the  metres  compared  are  of  brass 
and  iron. 

The  standards  of  weight  were  also  a Kilogramme,  one  of  plati- 
num, to  be  preserved  by  the  Legislature,  and  several  of  brass,  all  ex- 
actly equal,  to  he  used  as  standards  for  common  use. 

It  is  to  be  observed  that  the  platinum  standard  when  weighed  in  the 
air  would  be  heavier  than  those  of  brass,  by  ifgr.  and  that  this  differ- 
ence, arising  from  the  greater  density  of  the  platinum,  renders  it 
unfit  to  be  used  as  an  ordinary  standard. 

Experiments  for  ascertaining  the  length  of  a pendulum  vibrating 
seconds  at  Paris  were  made  by  Messrs.  Borda  and  Cassini;  the  follow- 
is  an  outline  of  their  operations. 

The  experiments  were  made  on  the  ground  floor  of  the  observato- 
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ry  at  Paris:  the  apparatus  made  use  of  was  attached  to  a wall  of  12 
feet  high,  8 feet  wide,  and  2 feet  thick.  The  instruments  consist- 
ed of  a time-piece  beating  seconds,  with  which  the  vibrations  of  the 
pendulum  were  compared;  the  pendulum  fell  a little  in  front  of  that 
of  the  clock,  and  was  suspended  from  a mass  of  stone,  containing 
about  three  cubic  feet,  placed  on  the  top  of  the  wall. 

The  weight  of  the  pendulum  vibrated  at  about  the  height  of  the 
bob,  and  its  oscillations  were  observed  through  a small  telescope  at 
he  distance  of  six  feet.  The  whole  apparatus  was  protected  by  a 
lease,  glazed  in  front. 

The  pendulum  was  supported  by  a knife  edge,  and  to  remedy  the 
■veight  added  to  the  pendulum,  the  suspension  itself  constituted  a 
small  pendulum,  of  which  the  motions  were  synchronous  with  those 
af  the  pendulum  used  for  the  experiment.  So  that  the  centre  of 
notion  may  be  supposed  to  be  on  the  plane  on  which  the  knife  edge 
noved. 

The  plane  was  of  hardened  steel;  to  the  knife  edge  was  attached 
m iron  wire,  which,  with  the  sphere  to  be  described,  constituted  a 
aendulum  twelve  feet  long,  making  a vibration  in  two  seconds:  this 
vas  preferred  to  the  seconds  pendulum,  because,  as  it  is  four  times  as 
ong  as  the  last,  any  error,  in  measuring  the  length,  would  have  but 
one  fourth  of  the  effect  on  the  longer  one. 

The  oscillating  body  was  a sphere  of  platinum  of  16£  lines  in 
liameter,  weighing  9911  grains,  and  of  the  specific  gravity  of  20.71 
it  20°  cent. 

The  wire  was  attached  to  the  sphere  by  means  of  a copper  cap, 
he  lower  part  of  which  was  concave  and  corresponded  with  the  sur- 
ace  of  the  sphere. 

A thin  coating  of  tallow  between  the  sphere  and  the  cap,  pro- 
luced  sufficient  adhesion  to  support  the  weight;  and  by  these  means 
he  sphere  could  be  suspended  by  different  portions  of  its  surface,  so 
is  to  correct  errors  arising  from  unequal  density,  or  want  of  spher- 
city. 

The  length  of  the  pendulum  was  such  that  its  oscillations  were 
lot  quite  so  long  as  two  of  those  of  the  clock.  The  comparison  of 
he  pendulums  was  made  when  they  were  both  arriving  at  the 
vertical,  being  the  time  of  most  rapid  motion : a black  screen  was 
placed  a little  in  front,  the  edge  of  which  coincided  with  the  centre 
)f  the  wire  of  the  pendulum,  and  with  diagonal  cross  lines  on  the 
pendulum-bob  of  the  clock  when  they  were  at  rest. 

The  two  pendulums,  thus  arranged,  being  set  in  motion,  if  the  wire 
lisappeared  before  the  cross-lines  and  the  pendulum  of  the  clock 
nade  rather  more  than  two  oscillations  while  the  pendulum  was 
naking  one,  the  interval  of  time  between  the  disappearance  of  the 
wo  became  constantly  less;  and  finally  the  two  objects  passed  the 
edge  of  the  screen  together.  This  was  the  first  coincidence.  Soon 
afterwards  the  oscillations  no  longer  agreed ; the  clock  gaining  on 
the  pendulum;  after  some  time  another  coincidence  took  place  ; and 
the  coincidences  were  observed  until  the  oscillations  became  so 
small  as  to  be  uncertain. 
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The  oscillations  of  the  pendulum  continued  for  more  than  twelve 
hours,  but  for  the  reason  above  given,  the  observations  were  contin- 
ued but  four  or  five,  a length  of  time  amply  sufficient  to  ascertain  the 
relative  movements  of  the  pendulum  and  clock.  In  fact,  when  the  in- 
terval between  the  coincidences  was  fifty  minutes  and  the  oscillations 
not  too  small,  the  uncertainty,  as  to  the  time  when  the  coincidence 
took  place,  was  not,  at  most,  over  thirty  seconds,  which  indicates 
that  the  discordance  was  perceptible  when  one  of  the  objects  arriv- 
ed at  the  perpendicular  J^th  of  a second  before  the  other.  Whence 
the  duration  of  the  experiment  being  4 hours,  the  rate  of  the  pen- 
dulum was  determined  to  the  three  hundred  and  sixty  thousandth  part. 

The  rule  used  for  ascertaining  the  length  of  the  pendulum  was 
about  12  feet  long,  of  platinum,  covered  with  another  of  copper  o 
about  ll-j-ft.  long:  the  two  forming  a metallic  thermometer  of  which 
the  indications  were  read  on  a vernier  at  the  lower  part. 

At  the  upper  part  of  the  rule  of  platinum  was  a cross  bar  of  stee 
to  lie  on  the  horizontal  plane,  on  which  the  knife  edge  of  the  pen 
dulum  was  placed ; the  rule  was  so  arranged  that  when  it  was  in  th< 
place  of  the  pendulum  its  upper  end  was  exactly  in  the  plane  o 
suspension. 

At  the  lower  end  of  the  platinum  rule,  was  a slip  of  the  same  me 
tal,  moving  with  a little  resistance  in  a rebate,  on  this  slip  were  divi 
sions  constituting  a vernier  indicating  200  thousandths  of  the  wholi 
rule. 

Another  instrument,  used  in  measuring  the  pendulum,  remains  t' 
be  mentioned.  It  was  a plate  of  copper  placed  immediately  uude 
the  sphere  of  the  pendulum,  and  attached  to  a stone  projecting  froc 
the  wall.  This  plate,  which  was  horizontal,  could  be  elevated  am 
depressed  by  means  of  a screw,  with  a very  fine  thread. 

After  an  observation  with  the  pendulum  was  concluded,  it  was  se 
at  resl,  and  the  copper  plate  carefully  elevated  till  it  just  touche 
the  lower  part  of  the  sphere  : the  pendulum  was  then  removed,  an 
the  rule  put  in  its  place.  The  slip  bearing  the  vernier  was  then  ac 
vanced  till  it  touched  the  copper  plate,  and  thus  gave  the  length  c j 
the  pendulum  from  the  point  of  suspension  to  the  lowest  part  of  th  „ 
sphere.  The  centre  of  oscillation  of  a sphere  around  a point  beinj 
2 ths.  of  the  square  of  the  radius  divided  by  the  distance  of  the  poir 
of  suspension  from  the  centre  its  position  was  known. 

Twenty  experiments,  similar  to  that  described,  were  made  wit 
the  greatest  care;  the  results  being  corrected  for  the  temperatun 
barometric  pressure,  varying  length  of  arcs,  and  in  fact,  every  cii 
cumstance  that  could  be  supposed  to  exert  any  influence : it  appeal 
that  when  each  result  was  compared  with  the  mean  result,  the  grea  ; y 
est  difference  was  but  134  thousandths.  Corresponding  with  one  300tl 
of  a line  in  the  deduced  length  of  the  pendulum,  vibrating  seconds. 

Consequently  the  length  of  the  pendulum,  vibrating  seconds,  i 
Paris,  is  equal  to  50999.75  parts  of  the  rule,  each  part  being  one  tw< 
hundred  thousandth  of  the  whole  rule. 

The  rule  was  compared  with  that  numbered  (1),  used  in  measu 
ing  the  bases  for  the  determination  of  the  terrestrial  arc.  The  lengi 
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of  the  pendulum  was  found  to  be  equal  to  the  fraction  0.2549919 
of  the  rule  No.  1.  at  the  temperature  of  melting  ice. 

By  a comparison  of  this  measure  with  the  toise  used  in  former 
comparisons,  it  was  found  that  the  length  of  the  Pendulum  vibrating 
seconds,  is,  in  lines  of  that  toise=440.5593  lines=0.7418875  metres 
=29. ] 2166584  English  inches;  found  afterwards  by  Biot  and  Arago 
0.7419012  metres,  or  jliiro  millimetres  less. — The  mean  being 
0.7418943. 

Reduced  to  the  level  of  the  ocean,  in  North  lat.  48°  50'  14" 
=0.7419176. 


Length  of  the  pendulum  at  the  level  of  the  sea  at 

Biot. 

Biot. 

Mathieu,  Biot. 
Bouvard,Mathieu,Biot. 
Mathieu,  Biot. 

Mathieu,  Biot. 
Mathieu,  Biot. 

Arago,  Chaix,  Biot. 

It  the  earth  were  elliptic,  the  length  of  the  simple  pendulum  would 
vary  as  the  square  of  the  sine  of  the  latitude. 

The  difference,  or  irregularity  of  the  degrees  measured  is  still  un- 
explained. It  does  not  seem  to  arise  from  error  in  the  observations, 
as  it  is  corroborated  by  the  results  of  different  persons,  in  different 
places.  It  is  very  great,  if  attributed  to  local  causes.  It  is  still  an 
unsolved  problem. 


Uns 

60° 

45'  25" 

N.  lat. 

742.723 

Fort  of  Leith 

55° 

38'  37" 

9 9 

742.413 

Dunkirk 

51° 

2'  10" 

99 

742.077 

Paris 

48° 

50'  14" 

99 

741.917 

Clermont 

45° 

46  48" 

99 

741.705 

Bordeaux 

44° 

50'  26" 

99 

741.608 

Figeac 

440 

36'  45" 

99 

741.612 

Formentera 

38° 

39'  56" 

99 

741.252 
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Report  on  the  Weights  and  Measures  of  Great  Britain.  By 
S.  C.  Walker. 

The  subscriber  having  been  instructed  to  inquire  concerning  the 
means  used  in  Great  Britain  for  procuring  an  invariable  standard  of 
Weights  and  measures,  respectfully  submits  the  following  report. 

All  standards  of  length,  weight,  and  capacity,  may  be  arranged 
bnder  three  general  divisions. 

I.  Variable  natural  standards. 

II.  Artificial  standards. 

III.  Invariable  natural  standards. 

I.  The  barley  corn,  the  foot,  the  ell,  the  span,  the  cubit,  and  the 
land,  are  all  variable  natural  standards  of  length.  The  dry  grain  of 
jarley  corn,  taken  from  the  middle  of  the  ear,  is  a variable  natural 
standard  of  weight.  The  vessel  that  contains  a definite  number  of 
:hese  grains  of  barley  corn,  is  a variable  standard  of  capacity.  These 
?ary  in  different  countries,  in  different  years,  in  different  fields,  and 
n different  parts  of  the  same  field,  and  can  never  lead  to  certain  or 
iccurate  results. 

Yet,  defective  as  these  standards  are,  they  alone  i weights  and  measures 
:an  enable  us  to  estimate  the  value  of  legal  mea-  previous  to  a. d.  1492. 
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surements  and  weights  made  in  Great  Britain  previous  to  the  date  of 
the  discovery  of  this  country  by  Columbus. 

It  appears  from  some  ancient  chronicles,  that  uniform  weights  and 
measures  were  established  by  law  before  the  conquest  by  Canute.  The 
value  of  these  weights  and  measures  is  not  known.  The  laws  which 
regulated  them  were  not  well  enforced.  Henry  I.  ordained  that  his  arm 
should  be  the  standard  for  long  measures.  Richard  I.  caused  stand- 
ard measures  of  length  to  be  made  of  iron,  those  of  capacity  with  iron 
brims,  and  directed  that  these,  as  well  as  standard  weights,  should 
be  kept  by  the  sheriffs  and  magistrates  of  the  towns.  The  value  of 
these  measures  is  unknown. 

Magna  Charta,  A.  D.  1215,  ordains  that  there  shall  be  one  uniform 
standard  of  weights,  and  measures,  and  of  capacity — and  that  this 
standard  shall  be  the  London  quarter.  This  London  quarter  con- 
tinued to  be  the  standard  till  Henry  VII.  A.  D.  1491.  Various  acts 
were  passed  in  this  period  of  276  years,  by  successive  parliaments, 
respecting  the  distribution  of  the  standards  among  the  sheriffs  of  the 
different  shires  and  towns;  for  an  abstract  of  which  see  Kelly’s  Me- 
trology, pp.  67  et  sub. 

The  magnitude  of  the  London  quarter  is  not  precisely  known:  we 
can  recompose  it  from  the  variable  natural  standard  on  which  it  was 
based,  viz.  “ the  dry  grains  of  barley  corn  taken  from  the  middle  of 
the  ear.”  Of  these  32  make  an  English  penny,  called  a sterling  round 
without  clipping:  20  pence  make  an  ounce;  12  ounces  a pound;  8 
pounds  make  a gallon  of  wine;  8 gallons  of  wine  make  a London 
bushel;  8 bushes  make  a London  quarter.  (See  51  Henry  III.  Stat. 
1.  cap.  3.  31  Edw.  I.  12  Henry  VII.  cap.  5.) 

It  is  obvious,  that  every  attempt  to  construct  the  London  quarter 
from  this  variable  element,  the  barley  corn,  must  be  unsatisfactory. 
No  copy  of  the  London  quarter  has  been  preserved,  nor  is  its  precise 
relation  to  any  artiiicial  standard  now  preserved,  known  with  cer- 
tainty. 

The  Winchester  bushel  deposited  in  the  king’s  exchequer  by  order 
of  Henry  VII.,  A.  D 1491,  is  the  oldest  measure  of  capacity  now  pre- 
served. This  was  ordered  to  be  made  in  conformity  to  the  ancient 
standards  of  the  realm,  then  in  the  king’s  exchequer.  Our  uncertainty 
concerning  the  size  of  the  London  quarter,  of  which  this  bushel  ought 
to  be  the  eighth  part,  will  always  be  equal  to  our  uncertainty  whe- 
ther the  order  was  faithfully  executed,  and  whether  the  bushel  then 
in  the  exchequer  was  a fair  measure  of  the  bushels  in  use  during  the 
three  centuries  preceding  the  time  of  Henry  VII.;  a point  concern- 
ing which  no  authentic  accounts  are  preserved. 

II.  Artificial  standards  may  be  made  of  iron,  of  brass,  of  silver, 
platinum,  &c.  The  last  substance  is,  probably,  the  best  and  most  dur- 
able; but  all  are  liable  to  slow  decomposition,  and  were  they  not  so, 
would  be  liable  to  loss  and  destruction. 

,lh  The  standards  of  measure,  of  length,  and  capa- 
city, in  use  in  Great  Britain  since  the  11th  year 
of  Henry  VII.,  A.  D.  1491,  are  now  preserved  in 
the  king’s  exchequer.  The  standard  weights  in  use  in  the  31st.  Eliz- 


Standards  of  len 
and  capacity,  and 
weights  preserved. 
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abeth,  A.  D.  1588,  are  now  in  the  same  exchequer.  All  the  modi- 
fications which  they  have  undergone  by  successive  acts  of  parliament, 
are  recorded,  and  copies  of  the  modified  artificial  standards  are  pre- 
served. These  standards  have  all  of  late  been  . Referred  to  invariable 
referred  to  invariable  universal  natural  standards.  > standards. 

They  have  thus  become  virtually  imperishable.  Hence  we  may  con- 
clude that  in  all  future  time,  the  legal  measurement  of  length  and 
capacity  made  since  1491,  and  the  legal  weights  made  since  1588, 
may  be  estimated  with  any  degree  of  accuracy  desired. 

As  no  change  had  been  made  in  the  laws  for  constructing  the  stand- 
ard  avoirdupois  pound  for  six  centuries  previous  to  1824,  it  is  proba- 
ble that  the  legal  avoirdupois  pound  now  in  use  in  Great  Britain,  is  a 
fair  representative  of  the  ancient  pound  of  the  Magna  Charta. 

The  pound  avoirdupois  meaning  “the  pound  to  . „ 

l ,,  r,.  . . r , . © . ‘ ,.  - . Pound  avoirdupois. 

nave/7  that  is,  the  pound  for  buying,  a lighter  1 
pound  used,  having  been  contrary  to  statute,  for  selling,  is  the  an- 
cient standard  pound  of  the  Magna  Charta.  It  is  called  by  various 
names  in  the  old  statutes.  In  11th  Henry  VII.  it  is  erroneously 
called  troy.  In  24th  Henry  VIII.  it  is  haberdepois;  in  Elizabeth’s 
time  it  is  called  averdepoiz.  It  contained  7680  grains  by  the  assize 
law,  previous  to  1758.  Yet  in  1699  it  was  found  to  contain  only 
7000.25  of  the  grains  then  in  use.  The  mass  of  the  pound  had  not 
varied.  Whether  the  grains  of  barley  had  grown  heavier,  or  the  artifi- 
cial grains  had  changed,  is  left  wholly  to  conjecture. 

The  pound  troy  was  not  made  legal  till  1758.  , „ 

It  contained  240  pennies.  Die  pound  avoirdu-  1 
pois  contained  the  same  number  of  pennies.  The  troy  penny  con- 
tained 24  grains  of  barley.  The  sterling  penny,  from  which  the  pound 
avoirdupois  was  constructed,  contained  32  grains.  At  what  time  the 
light  pennies  were  introduced  into  use  is  not  determined.  Perhaps 
the  examination  of  ancient  pennies  might  enable  us  to  decide. 

The  standard  gallon  contained  eight  pounds  of  wine  according  to 
some  statutes,  and  eight  pounds  of  wheat  according  to  others.  The 
gallon  of  eight  pounds  of  wheat,  was  of  greater  capacity  than  that  of 
eight  pounds  of  wine.  These  gallons,  constructed  from  variable  stand- 
ards, were  liable  to  variation.  To  remedy  this,  in  1699,  12th  Wil- 
liam III.,  it  was  enacted  that  the  wine  gallon  shall  contain  231  cubic 
inches,  and  the  beer  gallon  282  cubic  inches.  Thus  a fixed  propor- 
tion was  established  between  them.  In  1699  the  Council  of  the  Royal 
Society  found  the  Winchester  bushel  of  Henry  VII.  to  contain  2145.6 
cubic  inches,  and  the  bushel  of  water  to  weigh  1131  ounces  14  pen- 
nyweights troy.  They  also  found  that  7000. 25  troy  grains  were  equal 
to  a pound  avoirdupois.  Of  these  grains  5780  were  equal  to  a pound 
troy.  This  was  made  the  legal  proportion  between  the  avoirdupois  and 
troy  pounds  in  1758. 

In  1758,  32nd  George  II.,  a committee  of  par-  . standard  pound  ttoy  by 
liament  instructed  the  celebrated  optician,  Mr.  1 Harris. 

Bird,  to  prepare  a standard  yard  which  should  be  a mean  of  all  the 
yards  in  the  exchequer;  of  this  several  copies  were  deposited  in  the 
exchequer. 


36  Appendix  to  the  Report  on  Weights  and  Measures. 

They  also  instructed  Mr.  Harris,  the  King’s  assay  master  of  the 
mint,  to  make  a troy  pound,  of  which  a copy,  with  several  parts  of  the 
pound  troy,  were  deposited  in  the  exchequer.  They  also  directed 
avoirdupois  pounds  containing  7000  grains  troy,  to  be  placed  in  the 
exchequer,  with  Mr.  Bird’s  balance,  by  which  they  were  adjusted. 

In  1085,  some  gentlemen  at  Oxford  determined  the  weight  of  a 
cubic  foot  of  spring  water,  or  1728  cubic  inches,  to  be  1000  ounces 
avoirdupois.  This  established  a fixed  proportion  between  the  mea- 
sures ot  weight  and  capacity.  By  this  rule  the  standard  bushels  were 
constructed  till  the  year  1824,  when  the  assize  laws  for  capacity 
were  changed. 


Comparisons  of  the  standards  in  the  exchequer  with  Sir  G.  Shuck- 
burgh’s  scale,  by  Troughton,  the  comparisons  made  by  Shuckburgh, 
in  1796. 
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Standard  of  Henry  VII. 

1492 

35.924 
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99 

yard  of  Elizabeth 

1588 

36.015 

+ .015 
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99 
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99 

36.016 

+ .016 

.04 

99 

Yard  bed  of  Guildhall 

1660 

36.032 

+ .032 

99 

Ell  ” ” 

9 9 

36.014 

+ .014 

99 

Standard  of  Clockmaker’s  Co. 

1761 

35.972 

—.028 

99 

Tower  standard,  by  Rowley 
Graham’s  standard  line  E. 

1720 

36.004 

+ .004 

99 

1742 

36.0013 

+ .0013 

99 

Exc’r. 

99 

35.9933 

—.0067 

>9 

Gen.  Roy’s  (Bird’s)  scale 

1745 

36.00036 

+ .00036 

.0003 

99 

>9 

Mr.  Aubert’s  ” ) 

Royal  Society’s  \ 1 ° ° 

1750 

35.99880 

35.99955 

—.00120 

—.00045 

.0006 

.0004 

99 

Bird’s  parliamentary  standard 

1758 

36.00023 

+ .00023 

59 

Bird’s  parliamentary  standard,  4 

95 

since  called  the  imperial  stand-  > 
ot,rl  i 

1760 

36.00002 

+ .00002 

99 

99 

a i (1 , j 

Troughton’s,  since  called  Sir? 
George  Shuckburgh’s  scale  $ 

1796 

36.00000 

+ .00000 

.0001 

Hence  the  mean  length  of  the  standard  yards  preserved  in  the  ex- 
chequer is  0.003  of  an  inch,  in  the  first  seven  inches,  shorter  than 
Sir  George  Shuckburgh's  scale,  and  consequently  0.003  inch  shorter 
than  the  imperial  standard. 

comparison  of  stand-  i The  fol!owing  is  the  report  (Philosophical  trans- 
ards  by  Rater,  i82i.  I actions,  Lond.1821,  p.  91.)ofCapt.  Kater  of  the 
lengths  of  some  standards,  in  inches  of  Col.  Lambton’s  scale,  used  in 
making  the  trigonometrical  survey  in  the  East  Indies. 


Appendix  to  the  Report  on  Weights  and  Measures.  37 


Sir  George  Shuckburgh’s  standard 

inches. 

36.000642 

Bird’s,  1760,  since  styled  “imperial,” 

36.000659 

Roy’s 

36.001537 

Ramsden’s  bar,  used  in  making  the  trig,  survey 
of  Great  Britain, 

36.003147 

Col.  Lambton’s  scale, 

36.000000 

In  the  London  Philosophical  Transactions,  for  1830,  Capt.  Kater 
reports  the  lengths  of  several  standards,  in  inches  of  the  “ imperial 
standard.” 


inches. 

Sir  George  Shuckburgh’s  scale, 

36.00018 

Russian  scale, 

35.99932 

Dollond’s  scale, 

35.99908 

Capt.  Kater’s  scale, 

35.99879 

“ Imperial  standard,”  . 

36.00000 

Hence  it  appears  that  Dollond’s  scale,  which  by  careful  compari- 
sons in  1820  and  1824  appeared  to  differ  little,  if  at  all,  from  Sir 
George  Shuckburgh’s  scale,  was,  in  1830,  no  less  than  0.0011  inches 
in  defect. 

Second  determination. 


inches. 

Shuckburgh’s  scale,  , 

36.00009 

Russian  do. 

35.99929 

Dollond’s  do. 

35.99893 

“ Imperial  standard,” 

36.00000 

III.  The  meridional  circumference  of  the  earth,  Division  m._invaria. 
and  the  duration  of  the  earth’s  rotation  on  its  axis,  bie  natural  standards, 
are  two  invariable  natural  standards:  the  former  EarUl  scncumferente. 
of  space,  the  latter  of  time.  These  are  available  at  all  parts  of  the 
earth’s  surface,  and  at  all  periods  of  time.  The  measurement  of  a 
lefinite  portion  of  the  former,  gives  one  of  these  standards. 

The  mode  of  making  this  measurement,  and  the  results  deduced 
from  it,  are  given  at  length  in  the  able  report  of  Dr.  M‘Euen. 

The  duration  of  the  earth’s  rotation  is  a natural  . Earth’s  rotation 
[ {standard  measure  of  time.  An  artificial  relation  * 
oetween  this  measure  of  time,  and  the  measures  of  length,  may  be 
established  by  means  of  the  pendulum,  which  makes  one  vibration  in 
i definite  portion  of  this  duration. 

The  length  of  such  a pendulum  becomes  a stand-  , Earth,s  gravitalion. 
ird  ot  measures  of  length.  The  same  law  of  uni-  * 

< trersal  gravitation  which  preserves  the  invariability  of  the  shape  and 
ength  of  the  earth’s  meridional  circumference,  preserves  at  each 
mint  of  that  circumference  a moving  force  invariable  at  that  point. 

• If  we  could  subject  a pendulum  to  this  moving  force  alone,  making 
Complete  abstraction  of  all  other  resisting  or  disturbing  forces,  it  is 
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obvious  that  the  same  pendulum  would, in  all  ages,  perform  its  vibra- 
tions in  the  same  definite  portion  of  the  time  of  the  earth’s  rotation, 
and  in  the  same  amplitude  of  arc,  the  effect  of  temperature  only  ex- 
cepted. 

Effect  Of  temperature.  i % virtue  of  the  principle  of  the  conservation  of 
1 areas,  an  expansion  of  the  pendulum  from  an  in- 
crease of  heat  would  cause  a diminution  of  amplitude  of  arc,  and  an 
increase  in  time  of  vibration. 

If,  again,  we  suppose  a pendulum  subjected  to  the  single  force 
above  mentioned,  and  assume  a standard  temperature  62°  Fahren- 
heit, for  instance,  we  shall  have  an  invariable  pendulum,  vibrating  in 
an  invariable  arc,  in  an  invariable  duration  of  time.  If  we  divide 
sideriai  day.  | the  period  of  the  earth’s  rotation  on  its  axis,  as 

' now  reckoned  by  astronomers  into  8640  equal 
parts.  1.00273791  of  these  parts  will  be  a mean  solar  second  as  now 
Mean  solar  second.  i used  by  astronomers.  The  duration  of  this  se- 
' cond  is  invariable.  La  Place  has  demonstrated 
that  it  could  only  vary  from  one  of  three  causes.  1st.  A change  in 
the  earth’s  mean  secular  motion  in  right  ascension;  2nd,  from  a re- 
moval of  a considerable  portion  of  the  earth’s  mass  towards,  or  from, 
the  equator;  3d,  from  a diminution  of  the  earth’s  equatorial  semidi- 
ameter, by  loss  of  heat. 

The  mean  disturbing  effect  of  the  first  is  0.  There  are  no  causes 
now  in  operation  to  produce  the  second.  The  third  cause  has  not 
changed  the  duration  of  a day  a thousandth  part  of  a second  in  two 
invariable,  but  subject  i thousand  years.  The  mean  solar  second  is  sub- 
to  a small  equation.  1 ject,  however,  to  an  equation  of  one  second  in 
three  years.  (See  Ilerschel’s  Astronomy,  No.  274.) 

The  pendulum  vibrating  in  a mean  solar  second  at  Mr.  Browne’s 
house,  London,  by  virtue  of  the  above  mentioned  invariable  moving 


ICater’s  standard. 


Length  of  seconds,  pen- 
dulum at  London  in  va- 
cuo— at  level  of  sea — at 
02°  Fahr. 


Shuckburgh’s  scale. 
Bird's  scale,  1700. 


force  at  the  above  standard  temperature,  62°  Fah 
renheit,  was  measured  by  Capt.  Kater,  in  1818, 
by  instructions  from  a committee  of  Parliament. 
In  1819,  it  was  by  him  reported  to  be  in  length 
39.1393  inches  in  parts  of  Sir  George  Shuck- 
burgh’s  scale,  which  is  identical  within  the  limits 
of  possible  comparison  with  Bird’s  scale  of  1760, 
which  was,  in  1824,  by  an  act  of  parliament,  made  the  “imperial 
standard  yard,”  and  only  unit  of  measures  of  length  in  the  United 
Kingdom  of  Great  Britain. 

, t This  “ imperial  standard”  contained  36  inches, 
imperial  Mamiaid.  | ^ w|)jc|1  39.3708  inches  of  brass  at  the  tempera- 
ture of  62°  Fahrenheit,  are  equal  in  length  to  the 
forty  millionth  part  of  the  earth’s  meridional  cir- 
cumference, and  equal  in  length  to  the  platinum  standard  metre  of 
France,  at  the  French  standard  temperature,  namely,  that  of  melting 


Metre,  or  1-40, 000,000th 
part  of  earth's  circum- 
ference. 


Expansion  of  brass. 
Expansion  of  platinum 


ice  (0  centigrade,  32°  Fahrenheit.)  The  expan- 


sion of  brass  being  for  1°  Fahr.  0.0000099590, 


0.000004758t 


Kater’s  estimate,  and  that  of  platina  for  1°  Fahr. 
Borda’s  estimate. 
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Harris’  standard  pound  troy  was  made  by  the  . « imperiai  standard  troy 
same  act  the  “imperial  standard  pound  troy,”  1 pound.” 
containing  5760  grains,  of  which  252,458  grains  were  equal  in  weight 
to  a cubic  inch  of  distilled  water,  weighed  in  air,  with  brass  weights, 
at  the  temperature  of  62°  Fahrenheit,  the  barometer  being  at  thirty 
inches.  Seven  thousand  of  these  grains  make  a ■ pound  avoirdupois, 
pound  avoirdupois.  ' 

The  imperial  standard  gallon  containslO  pounds  i “imperial  standard 
troy  of  distilled  water,  at  same  temperature,  and  8 
same  atmospheric  pressure. 

The  following  standards  were  deposited  in  1826  in  Westminster, 
and  at  the  Royal  Exchequer: — 

1 Imperial  standard  yard,  with  gold  points. 

1 ” ” ” ” steel  terminations. 

1 Imperial  troy  pound. 

1 Avoirdupois  pound. 

1 ” ” in  a box  with  smaller  weights. 

1 Weight  of  imperial  gallon  of  water. 

1 Imperial  gallon  measure. 

1 Bushel. 

1 Quart. 

1 Pint 

A copy  of  the  imperial  gallon,  quart,  and  pint. 

1 Bushel. 

1 Half  bushel. 

1 Peck. 

1 Gallon. 

1 Half  gallon. 

1 Pint. 

1 Half  pint. 

1 Gill. 

1 Halfgill. 

1 Set  of  avoirdupois  weights,  from  56  lbs.  to  half  a drachm. 

1 Set  of  counterpoises  for  above  set  of  weights. 

1 Set  of  troy  weights,  from  one  pound  to  one  grain,  with  counter- 
loiscs  for  each. 

Standards  deposited  at  Guildhall,  Edinburgh,  and  Dublin. 

1 Imperial  standard  yard,  with  gold  points. 

1 ” ” ” ” steel  terminations. 

1 imperial  troy  pound. 

1 Avoirdupois  pound. 

1 Weight  of  imperial  gallon  of  water. 

1 Imperial  gallon  measure. 

1 Bushel. 

1 Quart. 

1 Pint. 

I 1 Set  of  avoirdupois  weights,  from  56  lbs.  to  half  a drachm. 
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The  following  considerations  may  be  adduced  in  favour  of  the 
adoption  of  the  imperial  standards  by  the  legislature  of  Pennsylva- 
nia. 

1st.  Those  of  length  and  weight  appear  to  be  the 
legal  standards  of  Pennsylvania  at  this  time.  They 


1st.  Now  legal. 


were  the  standards  of  England  in  1760.  They  were  at  that  time  pro- 


perly the  standards  of  the  colony  of  Pennsylvania,  and  unless  some 
act  of  legislation  has  since  passed  on  the  subject,  no  other  standards 
are  at  this  time  legal  in  Pennsylvania. 

2nd.  The  adoption  of  them  will  cause  the  least 


2nd.  Least  loss. 


I 


destruction  of  legal  property  in  the  form  of  legal 
weights  and  scales  in  Pennsylvania. 

3d.  Mean  of  ancient  i 3d.  These  standards  are  the  mean  of  the  par- 


5th.  By  second’s  pendu- 
lum. 


and  navigation 


standard.  i liamentary  standards  in  use  in  England  since  the 

first  discovery  of  this  country.  They  ought,  therefore,  most  nearly 
to  represent  the  mean  of  the  measures  of  length  and  the  weights  used 
in  this  country  since  its  first  settlement. 

4th.  Easily  recovered  i 4th.  Should  these  standards  be  destroyed  they 
by  arc  of  meridian.  I may  be  easily  recovered  by  the  measurement  of  a 
definite  portion  of  the  earth’s  meridional  circumference;  or  by  mea 
suring  the  mean  solar  seconds  pendulum,  corrected  for  terrestrial  [ 
latitudes  by  rules  to  be  given  hereafter. 

5th.  The  meridian  of  London  is  virtually  our 
prime  meridian.  Our  calculations  for  astronomy 
are  based  upon  it.  The  longitude  of  Philadelphia 
from  London  is  better  known  than  its  longitude  from  Harrisburg, 
and  quite  as  well  as  its  longitude  from  Washington. 

The  seconds  pendulum  for  a vacuum,  and  for  the  level  of  the  sea, 
and  for  62°  Fahrenheit,  varies  with  the  latitude.  The  adoption  of 
the  “imperial  standard”  would  make  the  latitude  of  London  in  thris 
respect  the  prime  latitude.  The  different  formulae  forexpressing  the 
length  of  the  mean  solar  seconds  pendulum  in  a vacuum,  at  the  level 
of  the  sea,  and  at  62°  Fahrenheit,  for  any  latitude,  in  parts  of  the 
“imperial  standard  yard,”  are 

(1)  Seconds  pend.  = 39.01612  + 0.20208  X Sin2  Lat. 

(2)  Seconds  pend.  = 39.01554  -f  0.20347  X Sin2  Lat. 

(3)  Seconds  pend.  = 39.01307  + 0.20644  X Sin2  Lat. 

(4)  Seconds  pend.  = 39.01228  +0.20805  X Sin2  Lat. 

These  four  different  formulas  are  taken  from 
Bowditch’s  notes  to  the  “Mecanique  Celeste, 
vol.  vii.  p.  480  [2055  p.]  and  [2055  x.]  The  coefficients  for  the 
first  formula  are  deduced  from  52  observed  lengths  of  the  seconds 
pendulum  in  different  latitudes,  on  the  principle  that  the  sum  of  the  I ' 
squares  of  the  errors  is  a minimum.  The  second  is  from  Boscovitch’s  Jv 
theorem  applied  to  the  same.  The  third  and  fourth  formulae  are  de- 
duced in  the  same  manner  from  44  of  the  most  uniform  of  the  same 
52  observations.  It  is  difficult  to  say  which  is  most  correct;  it  is  pro- 


Reduction  for  latitude. 


babL  that  either  will  give  the  length  of  the  pendulum  to  the  five  hun- 


dredth of  an  inch 
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By  means  of  one  of  these  formulas,  and  of  others  . vacuum.  Thermome- 
appended  to  this  report,  for  reduction  to  a va-  ter-  Level  of  sea.  inde- 
cuum,  to  the  level  of  the  sea,  to  62°  Fahren-  I &n,te,ysma11 3rcs- 
heit,  and  to  indefinitely  small  arcs,  it  will  be  in  the  power  of  every 
scientific  man  to  verify,  or  recover,  if  lost,  the  “imperial  standard 
yard.”  He  can  then  measure  a cubic  inch  of  dis-  , Reconstruclion  cf  troy 
tilled  water,  or  any  multiple  thereof,  at  62°  Fah-  ' grains, 
renheit,  and  30.  ins.  of  the  barometer,  and  verify,  or  reconstruct,  the 
brass  troy  grain,  so  that  252.458  grains,  or  any  multiple  thereof, 
shall  be  equal  in  weight  to  the  cubic  inch  of  distilled  water,  or  like 
multiple  thereof.  He  can  then  verify,  or  recon-  , Pound and gBllon. 
struct,  the  “imperial  standard  pound,”  and  the  1 
“imperial  standard  gallon,”  as  above  mentioned. 

The  seconds  pendulum  in  New  York,  lat  42°  . Second3  pendulum  at 
42'  43"  North,  was  measured  in  1828,  by  Messrs.  1 New  York, 
ienwick  and  Sabine,  and  was  by  them  reported  to  be  in  vacuo,  at 
;ea  level,  at  62°  Fahrenheit,  39.10120  inches  of  Sir  George  Shuck- 
mrgh’s  scale.  This  length  is  within  0.00037  inches  of  the  length  of 
he  seconds  pendulum  for  same  latitude,  deduced  by  calculation  from 
he  mean  of  44  of  the  best  measurements  of  the  pendulum  made  in 
lifferent  parts  of  the  earth’s  surface,  assuming  the  compression  at 
,r^a.  See  Bowditch’s  notes  to  “ Mecanique  Celeste,”  as  above, 
f a seconds  pendulum  were  measured  in  Wash-  , Confusion  from  discre. 
ngton,  Philadelphia,  Harrisburg,  and  Pittsburg,  * pancies  in  standards, 
heir  lengths  might  be  recorded  in  parts  of  the  “imperial  standard 
ard.”  These  would  furnish  additional  facilities  for  the  recovery,  or 
erification,  of  them.  It  would  still  be  well  to  use  the  imperial  yard  j 
or  if  Pennsylvania  should  adopt  a different  yard  referred  to  some 
ocal  measurements  of  the  length  of  the  seconds  pendulum,  other 
tates  might  adopt  a different  standard  yard,  referred  to  the  seconds 
iendulum  of  the  latitude  of  their  capital;  endless  disputes  about  the 
measurements  and  weights  would  ensue  in  the  United  States’  courts, 
nd  the  decision  of  them  would  become  a subject  of  astronomical  ju- 
isprudence. 

7th.  The  celebrated  Mr.  Troughton  construct-  . Shuckburgh.s  scale, 
d,  in  1796,  for  Sir  George  Shuckburgh  Evelyn,  * 
very  accurate  scale,  liable,  in  its  divisions,  to  no  greater  error  than 
'.0001  in.  This  scale  differs  by  not  more  than  0.00002  in.  from  the 
‘imperial  standard;”  in  other  words,  it  is  identical  with  it.  AVith 
his  scale  all  the  standards  in  the  exchequer,  including  all  those  with 
vhich  trigonometrical  surveys  have  been  made  in  Great  Britain,  have 
een  frequently  and  carefully  compared.  The  results  of  their  sur- 
eys  are  thus  referred  to  the  “imperial  standard.”  The  possession 
! nd  use  in  this  country  of  the  same  standard  would  facilitate  compa- 
isons  of  trigonometrical  surveys  made  here,  with  those  made  in 
ireat  Britain. 

8th.  Sir  George  Shuckburgh’s  scale  was  com-  . Pjctet>s  metre  of 
ared  in  1802,  with  the  French  metre,  by  Profes-  • France, 
i or  Pictet,  of  Geneva.  Hence  this  scale,  and  consequently  the  “ im- 
I.  6 
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perial  standard,”  would  enable  us  to  compare  with  facility  measure- 
ments made  here  with  the  trigonometrical  surveys  made  by  the  French 
government,  and,  through  their  labours,  with  continental  measure- 
ments in  general. 

Whitehurst's  pendu-  i 9th-  The  difference  in  the  length  of  two  pendu 
him.  I lums  made  by  Mr.  Whitehurst,  and  vibrating  4S 

and  84  times  in  a mean  solar  minute,  at  113  feet  above  the  level  o 
the  sea,  at  60°  Fah,  and  30.  ins.  barometer,  is  59.8938  inches  of  thi 
“imperial  standard.”  We  have  thus  a third  invariable  natural  stand 
ard.  This  may  be  called  the  differential  pendulum.  The  inventioi 
of  the  convertible  pendulum,  by  Kater,  and  the  zeal  with  which  ob 
servers  have  multiplied  observations  with  it,  aided  in  their  formula 
for  reduction  by  the  first  analysts  of  Europe,  have  prevented  the  ob 
servations  of  Whitehurst  from  receiving  the  attention  that  is  due  t< 


them.  Some  discrepancies  detected  in  the  results  of  Kater’s  conver 
tible  pendulum,  vibrating  on  knife  edges,  within  the  last  two  or  thre 
years,  together  with  the  difficulty  of  fixing  the  constants,  in  the  for 
mulae  for  reduction,  for  latitude,  pressure,  temperature,  altitude,  an 
length  of  arcs,  may  yet  direct  the  attention  of  observers  to  the  dil 
ferential  pendulum  of  Whitehurst,  which  does  not  admit  of  so  accu 
rate  admeasurement,  but  will  probably  be  found  to  have  fewer  varia 
bles  in  its  formulae,  for  reduction. 

Cubic  inch  of  distilled  i Sir  G;  Shuckburgh  also  found  by  a great  num 
water  weighed.  1 ber  of  trials,  that  a cubic  inch  of  a scale  0.0002  it 

shorter  than  the  “imperial  standard,”  since  adopted,  at  barom.  29.7 
inches,  therm.  66°,  weighed  252.422  grains,  since  made  parts  < 
the  imperial  standard. 

He  found  by  repeating  Whitehurst’s  measurements  with  the  diffe\ 
ential  pendulum,  the  same  results  as  those  given  above. 

The  “imperial  standard”  pound  troy  made  by  Harris  with  a tw< 
pound  and  another  pound  weight,  made  by  the  same,  when  compare 
with  Troughton’s  weights,  by  Shuckburgh,  gave  the  “imperial  starn 
ard”  pound  equal  in  weight  to  5763.78  grains  of  Troughton. 

In  the  statement  of  the  length  of  the  mean  solar  seconds  pendulun 
in  any  given  latitude,  at  the  level  of  the  sea,  and  at  62°  Fahrenheit 
the  invariability  of  its  length  was  inferred  from  the  invariability  < 


the  moving  force. 


The  search  after  the  length  of  this  pendulum  in  different  latitude: 
has  occupied  much  of  the  time  of  the  most  careful  observers,  an 
most  skilful  analysts  of  Europe,  for  the  last  fifteen  years. 

But  though  such  an  invariable  force  exists  in  nature,  we  can  nevt 
in  practice  separate  it  from  other  forces  which  modify  the  observe 
length  of  every  seconds  pendulum. 

These  forces  are, — friction  at  the  point  of  suspension,  resistance  i 
the  medium  passed  through,  terrestrial  and  electro-magnetism,  am 
probably,  the  attraction  of  mountains,  and  the  variable  density  i 
Convertible  pendulum.  i geological  strata.  It  has  been  customary  for  ol 
1 servers  to  use  a convertible  pendulum  vibratir 
on  knife  edges,  whose  distance  from  each  is  adjusted  by  tangent  ac 
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friction  screws,  in  such  a manner  that  the  pendulum  makes  nearly 
8640  vibrations  in  a mean  solar  day,  whether  suspended  by  the  one 
or  by  the  other  knife  edge. 

As  the  pendulum  has  no  maintaining  power,  . coincidences, 
and  does  not  vibrate  continuously  through  the  ' 
whole  day,  its  coincidences  with  the  pendulum  of  some  standard 
mean  solar,  or  siderial  clock,  carefully  regulated  by  frequent  celes- 
tial observations,  are  noted,  and  recorded,  together  with  all  the  va- 
rying circumstances  of 

1st.  Amplitude  of  arcs  at  beginning  and  end  of  each  coincidence. 

2nd.  Height  of  the  thermometer. 

Sd.  Height  of  the  barometer. 

The  amplitude  of  the  arc  should  not  exceed  1°  30'. 

The  number  of  coincidences,  and  amplitude  of  arcs,  should  be 
1 nearly  the  same  with  both  knife  edges. 

The  agate  planes  on  which  the  knife  edges  rest,  should  be  firm, 

1 smooth  in  the  concave  surface  of  the  grooves,  and  well  levelled,  so 
that  a removal  of  the  knife  edges  180°  in  azimuth,  shall  cause  no 
change  in  the  number  of  vibrations  between  the  coincidences. 

The  observer  then  measures  the  distance  of  the  . Measurement  of  length, 
knife  edges,  the  absolute  and  specific  gravity  of  1 
each  part  of  the  pendulum,  together  with  the  distance  of  the  same  from 
each  knife  edge;  the  pressure  of  the  atmosphere,  and  the  tempera- 
ture of  the  air,  and  of  each  weight,  or  measure,  used  in  making  these 
estimates.  The  duty  of  the  observer  is  then  finished,  if  his  estimates 
are  made  with  sufficient  care;  the  actual  length  of  the  seconds  pen- 
dulum affected  by  all  these  disturbing  forces,  will  have  been  reported 
by  him  without  an  error  of  more  than  0.0001  inch. 

It  appears  from  Baily’s  paper  on  the  pendulum,  . Limit  of  accuracy  of 
Lond.  Philos.  Trans.,  1832,  that  the  observations  1 measurement, 
of  Kater,  on  which  the  length  of  the  imperial  standard  yard  now 
rests,  were  liable  to  error  from  too  great  amplitude  of  arcs,  and  from 
his  omission  to  measure  and  report  the  effect  upon  the  number  of  vi- 
ibrations  of  change  of  each  knife  edge  through  180°  of  azimuth. 

The  height  of  the  place  of  observation  above  sea  level,  and  its  la- 
titude, must  also  be  measured  and  reported. 

The  requisite  observations  and  measurements  , corrections  required, 
having  been  made,  it  belongs  to  the  analyst  and  1 
theorist  to  assign  to  each  of  the  disturbing  causes,  its  proper  effect 
upon  the  reported  diurnal  number  of  vibrations,  and  to  correct  this 
number  for  the  same,  and  thence  to  deduce  the  length  of  the  theore- 
tical, or  comparable,  mean  solar  seconds  pendulum,  due  to  the  sin- 
gle force  above  mentioned,  acting  at  that  point  of  the  earth’s  meridian- 
al  circumference.  In  making  these  corrections,  several  constants  are 
iused,  the  value  of  which  is  variously  estimated  by  different  observ- 
ers. By  using  the  same  formulas,  and  the  same  , AgreementofKater'3 
constants  for  the  corrections,  Kater’s  and  Biot’s  * <$■  Biot’s  observations, 
separate  and  independent  observations  on  the  length  of  the  seconds 


Limit  of  accuracy  at 
London,  Paris,  and 
other  places. 
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pendulum  at  Unst  and  Leithfort  agree  within  the  limits  above  stated, 
viz.  0.0001  inch. 

By  using  the  formulae  and  constants  employed  by  different  calcu- 
lators and  observers  of  equal  celebrity  and  authority,  we  find  discre- 
pancies between  the  estimated  and  observed  lengths  of  the  mean  solar 
seconds  pendulum,  corrected  as  above,  at  the  same  place,  of  at  least 
0.0007  inches. 

In  the  present  state  of  science,  we  may  there- 
fore conclude  that  the  limit  of  accuracy  in  the  es- 
timated seconds  pendulum,  even  at  London  and 
Paris,  is  0.0007  inch. 

In  other  latitudes,  where  the  seconds  pendulum  is  estimated  from  the 
report  of  a single  observer, the  limit  of  accuracy  is  not  less  than  0.001 
inch.  This  is  the  case  with  the  latitude  of  New  York  city,  where  the 
length  of  the  seconds  pendulum  rests  upon  the  observations  of  Messrs. 
Renwick  and  Sabine.  Where  the  length  of  the  seconds  pendulum  has 
not  been  measured  by  actual  experiment,  the  formulae  above  given 
for  correction  for  latitude,  will  give  the  length  of  the  seconds  pendu- 
lum within  the  limit  of  accuracy  of  0.002  inch. 

We  may  therefore  conclude  that  the  length  of 
the  seconds  pendulum  at  Washington,  Philadel- 
phia, or  Harrisburg,  may  be  determined  from  the- 
ory, without  observations, within  one  five  hundredth 


Limit  of  accuracy  of 
theory  for  Philadelphia, 
Washington, or  Harris- 
burg. 


part  of  an  inch. 

Corrections  to  be  applied  to  the  number  of  vibrations  of  an 
invariable  pendulum. 

_ ~ , XT  Sin  (A  + d)  X sin  (A—  a) 

For  arc.  Correction  = -f  N x — rvVr ^—r { 

32  M (log  sin  A — log  sin  a) 

For  rate.  Correction  = + Nx 


86400"  + r 


For  expansion.  Correction  = + N x — — X e ( t — A) 


For  height  used  by  > „ ..  . XT  h 

Katerin  1818.  5 Erection  = + N x ^ 


For  height  used  by  4 

Katerin  18 19, by  sug-  1 Correction  = + Nx 

gestion  of  Dr.  Young.  J 


tt 


X x 
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"1  Correction  = + N x- 

For  atmosphere,  used  ! 

by  Kater  in  1818.  j ^ ^ 


B' 

~XB“  X 


X 


J 1 + .002083  it'  — t)  IX  .000  1 (T' — /) 


B' 

X tt  x 


For  atmosphere,  usedl  Correction  = + N X o ~ 

by  Badyin  1832,  | 2 — 1) 


from  investigations  of 
Gauss,  Airy,  and 
others. 


X 


1 + k(T'  — t)  1 +d(t'—t) 


For  atmosphere,  used  "j 
by  Baily  in  1832,  de- 

termined  by  experi-  )>Correction=  -f  C'  X- 
ment  with  vacuum  | 1 +-002j 


B' 


X (/'—  32°) 


apparatus. 


N 


J 


N' 

N' 


a 

M = 2.302585093 

r 

B 

t 

A = 62°  (Fahr.) 

B' 

t' 

T' 

B'' 

t" 

G 


Explanation  of  the  foregoing  notation. 

= the  number  of  vibrations  in  24  mean  solar 
hours  as  shown  by  clock. 

= N + the  corrections  for  arc,  rate,  and  expan- 
sion. 

= Number  of  vibrations  in  rarified  medium, 
corrected  for  arc,  rate,  and  expansion. 

= Semi-arc  of  vibration  at  commencement. 

— Semi-arc  of  vibration  at  end. 


f sib  f°r  B,29.27and 


I 


8 — 7 7 0 


53° 

1 


Shuckburg; 
for  B, 29.928 


= Logarithmic  modulus. 

= Rate  of  the  clock:  minus  if  losing. 

= Height  of  the  barom.9  assumed  asstandards 
= Temp.  (Fahr.)  of  air.  $ for  specific  gravity. 

= Temperature  (Fahr.)  of  the  air  assumed  as 
standard  for  pendulum. 

= Height  of  the  barometer.  V Pendulum 
= Temp.  (Fahr.)  of  the  air.  J-swung  in 
= Temp.  (Fahr.)  of  the  mercury.  J full  pressure. 
= Height  of  the  Barom.9  Pend,  swung  in  high- 
= Temp.(Fahr.)  of  air.  5 ly  rarified  medium. 

= Specific  gravity  of  pend  ."'I 

Compared 


S 

s'. 


1 


and  /,  32° 
and  Biot, 


Arasro 


J>=  Specific  gravity  of  air. 


J 


I with  water 
j considered 
{ as  unity. 


= Vibrating  specific  gravity  of  the  pendulum. 
= Specific  gravity  of  each  body  of  pendulum, 
determined  in  usual  manner. 


46  Appendix  to  the  Report  on  Weights  and  Measures 
d',  d,"  d'" 


iv 

h 

R 


, w' . w 


C from  .50  to 
x 1.75  Young. 


.0001  inch. 

|ff  = .0023  of  bulk 
2 with  moisture 


= distance  of  each  body  of  pendulum  from  point 
of  suspension. 

= Weight  in  air  of  each  body  of  the  pendulum. 
= Height  of  the  place  above  the  level  of  the  sea. 
= Radius  of  the  earth  at  the  latitude  of  the  place. 

^ = a quantity  determined  from  theory. 

= expansion  of  mercury  for  1°  Fahrenheit. 


d $ Expansion  of  air  for  1°  Fahrenheit. 


iv' d'  -f  iv " d"  + w'n  d'"  + &c. 


w' d'  -\-w"d"  + w'"  d'"  + &c. 


t° 

C' 


s'  s"  s 

= Tabular  expansion  for  1°  Fahr.  of  metal  of 
pendulum. 

= k (/'—<") 

N"  — N' 

X [1  + .0023  (t°  — 32°)] 


B— B' 

The  above  formulae  in  the  present  state  of  science,  are  considered 
as  nearly  perfect  as  possible;  by  them  the  length  of  the  comparable 
seconds  pendulum  may  be  deduced  from  the  observed  seconds  pendu- 
lum. The  correction  for  height  used  by  Sabine  in  1830,  was,  at 
London, 

X = 65.755  for  comp.  TjQ 
X — 67.344  ” ” 

X ==  68.828  ” ” 

The  correction  for  temperature  used  by  Sabine  at  Paris  and  Lon 
don,  was  — 0.421  vibration  for  + 1°  Fahrenheit.  The  expansion  of 
platinum  has  been  given  above,  that  of  brass,  is  as  follows:— 


i 

190 

_1 

300 


Expansion  of  brass  for  1°  Fahr.  = 

0.0000995456  Dulong  and  Petit. 

0.0000098888  Borda. 

?? 

0.0000099590  Kater. 

brass  scale 

0-0000103077  Roy. 

” cast 

0.0000104166  Smeaton. 

” bar 

0.0000104850  Hassler. 

” wire 

0.0000107407  Smeaton. 

” rod 

0.0000105155  Roy. 

Apparent  cubical  expansion  of  mer- 

cury for  1°  Fahr.  - - = 

0.0000857339  Baily. 

Absolute 

0.0001001001  ” 

Air  dry, 

00020833333  ” 

Air  moist 

0.0022222222  ” 

The  pendulum  can  never  be  swung  in  a perfect  vacuum,  nor  can 
friction  at  the  point  of  suspension  be  completely  obviated.  The  num- 
ber of  vibrations  must  therefore  be  corrected  for  these  retarding  forces. 
Moreover,  since  the  temperature  is  seldom  uniform  at  62®  during 
the  observation,  this  must  also  be  considered  in  making 'these  cor- 
rections. Again,  the  momentum  of  the  pendulum  round  its  axis  of 
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suspension,  and,  consequently,  its  ability  to  overcome  these  varying 
resistances,  depend  upon  the  specific  gravity  of  the  pendulum. 

But  the  momentum  of  the  pendulum  round  its  . vibrating  specific  gra- 
axis  depends  upon  the  distance  of  its  parts  from  • vity. 
the  axis  of  suspension,  by  which,  in  overcoming  resistance,  gravity 
acts  at  a longer  or  shorter  arm  of  the  lever.  This  compound  effect  is 
called  its  vibrating  specific  gravity.  The  absolute  specific  gravity  of 
a pendulum  may  be  measured  with  any  degree  of  precision  desired. 
It  is  probable  that  no  two  observers  would  agree  concerning  the  vibra- 
ting specific  gravity.  A small  quantity  of  air  is  . Air  dragged  with  pen. 
dragged  with  the  pendulum,  changing  its  vibrating  1 dmum. 
specific  gravity.  This  moving,  or  vibrating,  quantity  of  air  is  resist- 
ed by  the  air  through  which  it  swings.  It  is  extremely  difficult  to 
estimate  the  shape,  or  vibrating  specific  gravity,  of  this  pneumatic 
metallic  pendulum.  If  even  this  difficulty  were  obviated,  another 
source  of  error  would  remain.  The  specific  gravity  of  the  air  is  va- 
riously estimated  by  different  observers  of  high  authority,  Shuck- 
burgh,  and  Biot  and  Arago.  Kater’s  convertible  pendulum  dragged 
8.339  grains  of  air  with  it;  this  was  not  allowed  for  . Kater’s  pendulum, 
in  his  estimate  of  the  length  of  the  seconds  pendu-  ' 
lum  for  the  “imperial  standard,”  and  is  therefore  a source  of  error 
in  that  estimate.  Mr.  Baily,  in  1830,  found  that  by  turning  the  knife 
edge  A of  Kater’s  convertible  pendulum  through  180°  of  azimuth, 
he  caused  a variation  per  day  of  3.135  vibrations. 

The  same  process  with  B,  0.939 

Again,  on  another  plane,  A,  0.135 

” ” B,  1.928  ” 

Indicating  another  source  of  error  in  Kater’s  determination. 

Captain  Sabine,  in  1829,  compared  the  vibrations  of  Kater’s  pen- 
dulum at  Browne’s  House,  London,  with  those  of  the  same  at  Green- 
wich, and  found  at  Greenwich  a retardation  of  0.3  vibrations,  instead 
of  a calculated  acceleration  of  0. 52  vibrations,  making  a discrepancy 
of  0.72  vibrations.  This,  however,  only  causes  a variation  of  0.00069 
inch  in  the  length  of  the  seconds  pendulum. 

In  1828,  Capt.  Sabine  determined  the  accelera- 
tion between  Paris  and  London  to  be  12.05  vibra- 
tions. But  Kater’s  London,  and  Biot’s  Paris  pen- 
dulum for  seconds  differ  0.01065  inch,  corresponding  to  an  accelera- 
tion! 1.5  vib’s.  Thus  the  difference  0.55  gives  a discrepancy  of  0.00023 
in  the  length  of  the  seconds  pendulum;  applying  this  to  Biot’s  pendu- 
lum, 39.12843  in.  — 0.00023  in.  = 39.12820  in.  which  is  a mean  be- 
tween Biot’s  and  Borda’s  determinations,  being  0.1  vib.  nearer  to 
Biot’s  than  to  Borda’s. 

Capt.  Sabine,  in  1830,  having  constructed  a pen-  . Discrepancies  between 
duium  more  nearly  symmetrical  in  shape,  and  • Rater  and  Sabine, 
having  reduced  its  length  to  the  conventional  standards  by  the  latest 
formulae,  and  constants  for  reduction,  reports  the  length  of  the  se- 
conds pendulum  to  be,  at  Greenwich,  39. 13734  inches,  differing  from 
Kater’s  determination  by  — 0.002. 

This  discrepancy  is  calculated  to  cause  some  doubt  concerning  the 
determinations  of  both. 


comparison  ot  Kater  s, 
Biot’s,  ami  Borda’s  es- 
timates. 
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In  a paper  in  the  London  Philosophical  Transactions,  1832,  Bailv 

C' 

has  shown  that  the  factor  n = — , (see  formula  above,)  is  not  the  same 

v 

for  the  two  edges  A and  B of  Kater’s,  nor  for  the  two  edges  of  Sa- 
bine’s supposed  convertible  pendulums.  This  accounts  for  a part  of 
the  discrepancy;  for  the  remainder — we  may  account  by  attributing  it 
to  an  oversight  in  Sabine’s  observations,  in  other  respects  pretty  accu- 
rate. 

Capt.  Sabine  omitted  to  make  the  same  number  of  coincidences 
with  each  knife  edge;  in  this  the  source  of  error  probably  consists.  In 
his  pendulum,  the  centre  of  gravity  is  26.23  inches  from  A,  and  13.21 

= 1.985  = factor  by  which  any  al- 


inches  from  B.  Hence 


26.23  in. 


13.21 

teration  in  the  results  from  knife  edge  A must  be  multiplied,  in  order 
to  obtain  corresponding  alterations  in  those  from  B,  and 
13.21  in.  , 

= 1 .0 1 5 = the  factor  for  affecting  A from  change  in  B. 

O • ^ d)  1 Oiv  1 

Thus  for  a removal  of  the  slide,  using  different  factors,  we  deduce 
for  vibrations  per  day,  86067.72 

86068.46 

86069.06 

Probable  cause  of  error  i If  either  of  these  results  were  deduced  from  an 
m Sabine’s  estimate.  I equal  number  of  trials  of  each  knife  edge,  it  would 
be  adopted  as  correct : but  as  Sabine  made  188  trials  with  A,  and  54 
with  B,  his  results  are  liable  to  similar  discrepancies,  and  his  varia- 
tion from  Kater’s  result  is  probably  in  part  owing  to  this  omission. 

S.  C.  Walker. 


No.  VI. 

Abstract  of  the  reports  on  Weights  and  Measures  which  have  been  submitted 
to  the  Congress  of  the  United  States , or  to  the  Legislature  of  Pennsylva- 
nia. By  A.  D.  Bache,  Professor  of  JYatural  Philosophy  and  Chemis- 
try in  the  University  of  Pennsylvania. 

To  the  Committee  of  the  Franklin  Institute  on  Weights  and  Measures. 
Gentlemen, — 

The  portion  of  duty  which  you  have  assigned  to  me  is  to  give  an 
outline  of  the  different  reports  on  weights  and  measures  made  in  our 
country  since  the  period  of  our  national  independence.  You  are 
aware  that  this  subject  has  occupied  the  attention  of  Congress  at  dif- 
ferent times,  and  that  in  some  of  the  states  the  legislatures  have  been  but 
little  less  earnest  in  seeking  for  information,  and  that  in  one,  at  least, 
the  legislature  has  been  prompt  in  acting  upon  it  when  obtained. 

Our  national  councils  have  had  the  advantage  of  reports  from  two  of 
our  most  eminent  statesmen,  the  one  in  the  earlier  periods  of  our  na- 
tional existence,  before  the  systems  of  weights  and  measures  adopted 
by  England  and  France  had  been  fairly  ushered  into  being,  the  other  at 
a later  period,  when  the  full  operation  of  the  emphatically  modern  sys- 
tem adopted  by  France  had  been  tested  by  experience.  Congress  have 
further  had  before  them  one  of  the  best  practical  examinations  of  the 
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subject  which  modern  science  has  produced.  A sister  state  has,  un- 
der the  guidance  of  an  eminent  citizen,  arranged  a system  remark- 
able for  its  simplicity,  and  resting  upon  a scientific  basis,  which 
should  insure  its  permanence. 

The  reports  in  relation  to  weights  and  measures  in  our  country 
which  I have  been  able  to  examine,  are 

I.  A Report  by  Thomas  Jefferson,  Secretary  of  State,  to  the  Con- 
gress of  the  United  States,  dated  July  4,  1790. 

II.  The  Report  of  a Committee  of  Congress,  dated  January  25th, 
1819. 

III.  The  Report  of  John  Q.  Adams,  Secretary  of  State,  to  the  Con- 
gress of  the  United  States,  dated  February  22,  1821. 

IV.  A Report  of  the  Secretary  of  the  Treasury,  Louis  M‘Lane,  to 
the  Senate  of  the  United  States,  inclosing  the  reports  of  F.  II.  Hass- 
ler,  Esq.  to  the  Treasury  Department.  1833. 

V.  The  Report  of  a Committee  of  the  Senate  of  Pennsylvania,  Mr. 
Dorsey,  Chairman,  made  in  March,  1808. 

VI.  The  Report  of  a Committee  of  the  same  body,  Condie  Raguet, 
Esq.  Chairman,  made  in  March,  1822. 

VII.  A Report  by  Professor  James  Renwick,  of  Columbia  College, 
New  York,  to  the  commissioners  for  revising  the  laws  of  the  state 
of  New  York,  1826. 

I. — 1.  The  period  at  which  the  report  of  Mr.  Jefferson  was  writ- 
ten, was  that  just  preceding  the  organization  of  their  new  system, 
by  the  French  republic,  and  just  subsequent  to  the  proposition  for 
reform  in  the  existing  usages,  made  by  the  Bishop  of  Autun  to  the  na- 
tional assembly.  Mr.  Jefferson  sketches  two  systems  of  weights 
and  measures,  the  one  conforming  as  nearly  as  possible  to  the  ex- 
isting state  of  things,  aiming  only  at  introducing  greater  uniformity, 
the  other  a decimal  system,  retaining,  however,  certain  names  of 

E common  use,  whenever  the  new  weight  or  measure  approximates  in 
value  to  the  old.  The  common  natural  basis  of  each  system  was  the 
standard  of  length  derived  from  the  pendulum,  but  in  a particular 
way;  the  pendulum  proposed  was  a cylindric  rod,  and  the  whole 
length  of  the  rod  taken,  instead  of  the  length  of  the  equivalent  sim- 
ple pendulum.  It  is  unnecessary  at  this  time  to  discuss  the  reasons 
why  the  advantages  which  this  eminent  philosopher  supposed  would 
be  realized  by  such  an  arrangement,  would  not  have  existed  in  prac- 
tice, since  the  system  at  last  connects  itself  with,  and  may  be  consi- 
dered as  based  upon,  the  length  of  the  pendulum.  The  second,  or  de- 
cimal system,  was  suggested  on  the  event  of  its  being  supposed  that 
the  people  of  the  United  States  should  be  willing  to  adopt  in  their 
weights  and  measures,  as  they  had  done  in  their  coin,  an  entirely 
new  division.  The  adjustments  of  the  first  system,  which  Mr.  Jeffer- 
son obviously  views  as  most  practicable,  were  as  follows: — 

2.  The  pendulum,  in  latitude  45°,  at  the  level  of  the  sea,  and  at 
some  standard  temperature  and  pressure,  to  be  the  basis  of  the  sys- 
tem, and  the  unit  of  length  (the  foot)  to  bear  a certain  determinate 
ratio  to  this  length;  the  determination  to  be  made  upon  existing  Eng- 
lish standards. 


i 


7 
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3.  The  unit  of  capacity  to  be  derived  from  that  of  length,  by  cubing; 
but  one  set  of  measures  of  capacity  for  both  liquid  and  dry  substances 
to  be  used,  the  unit  (the  gallon)  to  contain  270  standard  cubic  inch- 
es, at  the  rate  of  12  inches  to  the  standard  linear  foot. 

4.  The  unit  of  weight,  the  ounce,  to  be  derived  from  that  of  capa- 
city by  the  weight  of  water  which  a cubic  foot  will  contain;  this  being 
declared  to  weigh  1000  standard  ounces,  at  some  determined  temper- 
ature and  pressure.  But  one  set  of  weights  to  be  allowed,  and  that  a 
sort  of  compromise  between  the  troy  and  avoirdupois  tables,  founded 
on  the  fact  that  the  avoirdupois  subdivisions  of  the  ounce,  and  the  troy 
multiples  of  the  ounce,  are  not  in  common  and  extended  use.  The 
tables  of  weights  and  measures  proposed,  are  as  follows: — 

MEASURES. 


Linear  Measure,  based  upon  the 
foot  obtained  as  before  stated, 

10  lines  = 1 inch. 

12  inches  = l foot.  Standard. 
3 feet  = 1 yard. 

3 ft.  9 ins.  = 1 ell. 

6 feet  = 1 fathom. 

5s  yards  = 1 pole  or  perch. 

40  perches  = 1 furlong. 

8 furlongs  = 1 mile. 

3 miles  = 1 league. 

Superficial  Measure. 

40  sq.  perches  = 1 rood. 

4 roods  = 1 acre. 


Measures  of  Capacity,  based  upon 
the  gallon  of  270  cubic  inches. 


4 gills 

==  1 pint. 

2 pints 

= 1 quart. 

2 quarts 

= 1 pottle. 

2 pottles 

= 1 gallon.  Stand’d. 

2 gallons 

= 1 peck. 

8 gallons 

= 1 bushel  or  firkin. 

2 bushels 

= 1 rundlet,  kilder- 

kin, or  strike. 

2 kilderkins 

==  1 barrel,  or  comb. 

2 barrels 

= 1 hogshead,  or 

quarter. 

l|  hogshead 

= l tierce. 

2 hogsheads 

= 1 pipe,  butt,  or 

puncheon. 

2 pipes 

= 1 ton. 

WEIGHTS. 

Standard,  the  ounce.  1000  oz,  being  the  weight 
of  a cubic  foot  of  rain  water. 


24  grains  = l pennyweight. 

18  pennyweights  = l ounce.  Standard. 
16  ounces  = 1 pound. 

The  pound  contains  6912  grs. 


5.  This  report  was  followed  by  that  of  a committee  of  Senate,  in 
1793,  to  which  I have  not  been  able  to  obtain  access. 

II. — 6.  The  next  reference  to  this  question,  in  our  national  coun- 
cils, was  a report  by  a committee,  bearing  date  January  25th,  1819. 


Appendix  to  the  Report  on  Weights  and  Measures.  51 

The  committee  express  their  decided  opinion,  that,  in  the  circumstan- 
ces of  our  country,  the  best  course  is  to  adopt  absolute  standards  con- 
forming-to  the  weights  and  measures  in  common  use.  They  propose, 
therefore,  that  there  should  be  obtained  by  a commissioner  to  be  ap- 
pointed for  the  purpose,  models  of  the  yard,  the  bushel,  the  wine  gal- 
lon, and  the  pound,  supposed  to  conform  to  those  in  most  common  use 
in  the  United  States.  Measures  are  then  proposed  for  the  preserva- 
tion of  the  standards,  and  for  the  distribution  of  copies  throughout  the 
several  states.  The  committee  further  recommend,  that  to  pro- 
vide against  the  loss  of  these  standards,  the  yard  be  compared  in 
length  with  the  seconds  pendulum,  and  with  an  arc  of  a terrestrial 
meridian;  that  the  relation  in  weight  of  the  pound  to  the  weight 
of  a determined  bulk  of  pure  water  be  ascertained,  and  that  the  bush- 
el and  gallon  be  defined  by  the  weight  of  water  which  they  will  con- 
tain. There  is  a vagueness  in  the  propositions,  resulting  from  the 
fact  that  much  is  left  to  the  commission  to  determine,  and  the  propos- 
ed legislation  would  have  been  of  a provisional  character. 

III.' — 7,  The  report  of  the  then  Secretary  of  State,  John  Q.  Adams, 
was  drawn  up  in  1821,  in  conformity  to  a resolution  of  the  Senate  of 
the  United  States,  adopted  in  March,  1817;  by  this  resolution  the  Se- 
cretary of  State  was  requested  to  prepare  and  report  to  the  Senate 
a statement  relative  to  the  regulations  and  standards  for  weights 
and  measures  in  the  several  states,  and  relative  to  proceedings  in  for- 
eign countries,  for  establishing  uniformity  in  weights  and  measures, 
i together  with  such  propositions  relative  thereto,  as  may  be  proper  to 
be  adopted  in  the  United  States.”  The  resolution  embraces  three 
distinct  objects  of  inquiry.  First.  The  regulations  in  relation  to  the 
I same  object  in  the  several  states.  Second.  The  proceedings  in  foreign 
' countries  for  establishing  uniformity  of  weights  and  measures.  Third. 
Propositions  relating  to  the  same  point  in  the  United  States. 

The  course  pursued  by  Mr.  Adams  in  his  general  investigations  is 
' bold  and  ingenious,  pursued  more  in  the  manner,  and  with  the  views,  of 
a legislator,  a statesman,  and  a lawyer,  than  of  a mere  man  of  science. 
Of  this  learned  document,  forming,  as  it  does,  a standard  work  of  con- 
siderable bulk,  it  would  be  impossible  to  give  an  adequate  idea  by  a 
simple  analysis,  but  the  parts  bearing  especially  on  the  question  be- 
fore us,  admit  of  a ready  statement.  He  undertakes  to  show  that 
identity  of  measures  of  length,  of  capacity,  and  of  weights,  for  differ- 
ent articles,  is  not  the  natural  system,  and  to  trace  the  connexion  of 
them  with  each  other,  and  with  the  weight  of  coin,  from  the  Hebrews 
and  Egyptians,  to  the  Greeks  and  Romans  and,  with  modifications, 
through  the  complex,  varying,  and  entangled  system  of  the  older  Eng- 
lish 1o  the  present  standards.  His  investigations  throw  great  light  on 
the  diversity  of  the  English  standards,  and  although  the  entire  sub- 
ject must  claim  notice  from  another  source,  and  the  errors  in  Britisk 
legislation  be  presented  to  you  from  the  same  quarter,  1 have  though" 
it  best  to  exhibit,  in  the  tabular  form  into  which  the  results  are 
thrown  by  Mr.  Adams,  the  standards  of  measure  as  at  different  times 
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arranged,  with  a view  to  the  more  proper  understanding  of  the  usages 
which  prevail  in  the  several  states.  [Note  A.] 

8.  Mr.  Adams  next  gives  a sketch  of  the  system  of  metrology 
(1793  to  1812)  adopted  by  the  French,  in  which  not  only  the  history 
of  the  system,  but  the  various  operations  necessary  to  its  completion 
are  stated,  the  parts  taken  by  the  great  men  who  figured  in  the  work, 
are  traced,  and  the  difficulties  of  its  introduction  reasoned  upon  and 
illustrated;  he  indicates  the  attempt  to  evade  the  weight  of  popular 
prejudice,  which  impeded  the  system,  by  the  restoration  of  old  names 
for  new  things,  and  describes  the  ultimately  legalized  binary  divisions 
which  completed  the  overthrow  of  the  decimal  system.  The  warning 
thus  conveyed,  is  accompanied  by  a statement  that  the  old  measures 
are  not  yet  eradicated.  This  clear  report  is  concluded  by  a compari- 
son of  the  French  and  English  systems,  upon  one  point  of  which,  as  it 
must  claim  particular  notice  from  this  committee,  1 must  beg  leave 
to  offer  a few  remarks.  [See  note  B.] 

9.  The  conclusion  to  which  this  comparative,  and,  for  the  most 
part,  practical,  examination  leads,  is  that  “the  time  has  not  arrived 
at  which  so  great  and  hazardous  an  experiment  can  be  recommended, 
as  that  of  discarding  all  our  established  existing  weights  and  measures, 
to  adopt  and  legalize  those  of  France  in  their  stead.”  And  the  opi- 
nion is  based  on  the  following  reasons.  “First  that  no  change  what- 
ever of  the  system  could  be  adopted,  without  losing  the  greatest  of 
all  the  elements  of  uniformity,  that  referring  to  the  persons  using  the 
same  system.  This  uniformity  we  now  possess,  in  common  with  the 
whole  British  nation  ; the  nation  with  which,  of  all  the  nations  of  th  j 
earth,  we  have  the  most  of  that  intercourse  which  requires  the  con- 
stant use  of  weights  and  measures.  No  change  is  believed  possible 
other  than  that  of  the  whole  system,  the  benefit  of  which  would  com- 
pensate for  the  loss  of  this  uniformity.” 

“ Secondly,  that  the  system,  as  it  exists,  has  a uniformity  of  propor- 
tion very  convenient  and  useful,  which  any  alteration  of  it  would  dis- 
turb, and  perhaps  destroy;  the  proportion  between  the  avoirdupois 
and  troy  weights,  and  that  between  the  avoirdupois  weight  and  the 
foot  measure;  one  cubic  foot  containing  of  spring  water  exactly  one 
thousand  ounces  avoirdupois,  and  one  pound  avoirdupois  consisting  of 
exactly  seven  thousand  grains  troy.” 

“Thirdly,  that  the  experience  of  France  has  proved,  that  binary, 
ternary,  duodecimal,  and  sexagesimal  divisions,  are  as  necessary  to 
the  practical  use  of  weights  and  measures,  as  the  decimal  divisions 
are  convenient  for  calculations  resulting  from  them,  and  that  no  plan 
for  introducing  the  latter  can  dispense  with  the  continual  use  of  the 
former.” 

“Fourthly,  that  the  only  material  improvement,  of  which  the  pre- 
sent system  is  believed  to  be  susceptible,  would  be  the  restoration  of 
identity  between  weight  and  silver  coin;  a change,  the  advantages  of 
which  would  be  very  great,  but  which  could  not  be  effected  without 
a corresponding  and  almost  total  change  in  our  coinage  and  monies  of 
account;  a change  the  more  exceptionable,  as  our  monetary  system 
is  itself  a new,  and  has  hitherto  been  a successful  institution.” 
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This  is  not  the  time  for  examining  these  positions  particularly,  but 
they  should  be  before  the  committee  as  the  strong  grounds  upon 
which  the  argument  rests. 

10.  Mr.  Adams  urges  upon  Congress  to  communicate  through  the 
president  with  foreign  governments,  to  introduce  a union  in  a system 
of  metrology,  so  as  to  produce  a real  uniformity  throughout  the  prin- 
cipal nations  of  the  world. 

He  next  proceeds  to  a rapid  view  of  the  state  of  the  standards  in  the 
mother  country,  immediately  previous  to  the  colonization  of  America, 
and  then  gives  an  outline  of  the  enactments  of  the  colonies,  and  states 
of  our  Union.  This  information,  derived  from  authentic  sources,  the 
communications  of  the  executive  of  the  several  states,  will  serve  to 
give  the  committee  a knowledge  of  the  state  of  legislation  up  to  the 
time  of  Mr.  Adams’  report.  I therefore  append  an  abstract  as  far  as 
relates  to  our  present  object.  (Note  C.) 

11.  The  report  under  consideration  is  concluded  by  a review  of  the 
powers  of  Congress  in  relation  to  weights  and  measures,  in  which  Mr. 
Adams  obviously  doubts  their  right  to  change*  existing  systems,  and 
by  a brief  statement  of  the  different  modes  of  proceeding  which  are 
possible,  and  a recommendation  of  the  last  for  present  use,  viz.  “To 
idhere  without  any  innovation  whatever,  to  our  existing  weights  and 
measures,  merely  fixing  the  standard.” 

To  carry  this  object  into  effect,  he  considers  that  the  act  of  Con- 
gress should  embrace  the  following  objects: 

“1st.  To  declare  what  are  the  weights  and  measures  to  which  the 
aws  of  the  United  States  refer,  as  the  legal  weights  and  measures  of 
. he  Union. 

5 2.  To  procure  positive  standards  of  brass,  copper,  or  such  other 

. material  as  may  be  deemed  advisable,  of  the  yard,  bushel,  wine  and 
jeer  gallons,  troy  and  avoirdupois  weight;  to  be  deposited  in  such 
. jublic  office  at  the  seat  of  government  as  may  be  thought  most  suit- 
ible. 

3.  To  furnish  the  executive  authorities  of  every  state  and  territory 
e!vith  exact  duplicates  of  the  national  standards  deposited  at  the  seat  of 
government. 

4.  To  require,  under  suitable  penal  sanctions,  that  the  weights  and 
measures  used  at  all  the  custom  houses,  and  land  surveys,  and  post 
iffices,  and,  generally,  by  all  officers  under  the  authority  of  the  Unit- 
id  States,  in  the  execution  of  their  laws,  should  be  conformable  to 
he  national  standards. 

5.  To  declare  it  penal  to  make  or  to  use,  with  intent  to  defraud, 

, my  other  weights  and  measures  than  such  as  shall  be  conformable  to 

he  standards.” 

The  system  which  would  thus  be  sanctioned  would  require  the  fol- 
i owing  provisions 


“ For  the  purposes  of  the  law  it  will  be  sufficient  to  declare  that 
he  English  foot,  being  one-third  part  of  the  standard  yard  of  1601, 
n the  exchequer  of  Great  Britain,  is  the  standard  unit  of  the  mea- 

a * “ The  authority  of  Congress  to  act  is  comprised  in  one  line  of  the  constitu- 
ion,  being  the  fifth  paragraph  of  the  eighth  section,  and  first  article,  in  the  fol- 
owing  words,  ‘ to  fix  the  standard  of  weights  and  measures.’  ” 
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sures  of  the  United  States;  that  an  inch  is  a twelfth  part  of  this 
foot,  that  thirty-two  cubic  feet  of  spring  water,*  at  the  tempera- 
ture of  56  degrees  Fahrenheit’s  thermometer,  constitute  the  ton 
weight,  of  2000  pounds  avoirdupois;  that  the  gross  hundred  of  avoir- 
dupois weight  consists  of  112  pounds,  the  half  of  56,  and  the  quarter 
hundred  of  28  pounds,  the  eighth  of  a hundred  14,  and  the  sixteenth 
of  a hundred  of  seven  pounds;  that  the  troy  pound  consists  of  5760 
grains,  7000  of  which  grains  are  of  equal  weight  with  the  avoirdupois 
pound;  that  the  bushel  is  a vessel  of  capacity  of  2 150. 42  cubic  inch- 
es, the  wine  gallon  a measure  of  231,  and  the  ale  gallon  a measure 
of  282  cubic  inches.  I 

The  various  modes  of  division  of  these  measures  and  weights,  the 
ell  measure,  and  the  application  of  the  foot  to  itinerary,  superficial, 
and  solid  measure,  producing  the  perch,  rod,  furlong,  mile,  acre,  anil 
cord  of  wood,  may  be  left  to  the  established  usage,  or  specifically 
declared,  as  may  be  judged  most  expedient.  The  essential  parts  of 
the  whole  system  are,  the  foot  measure,  spring  water,  the  avoirdupois 
pound,  and  the  troy  grain.” 

The  preservation  of  the  original  standards,  and  the  multiplication 
of  copies  of  them  is  provided  for,  as  well  as  the  method  of  enforcing 
the  laws  requiring  their  use. 

Mr.  Adams  further  proposes  a comparison  of  the  standard  of  length 
with  the  French  metre,  thus  giving  its  relation  to  the  quadrant  of  a 
meridian  of  the  earth’s  surface,  and  discards  the  pendulum,  as  “since 
the  definitive  determination  of  the  metre,  useless  with  reference  to 
any  system  of  weight  and  measure.”  It  ought  not  to  be  forgotten 
that  the  pendulum  was  the  means  fixed  upon  by  the  French  philoso- 
phers themselves,  for  the  recovery  of  the  metre  should  the  standard 
ever  be  lost  or  impaired,  and  this  while  the  recollection  of  their  la-  i 
hours  and  difficulties,  in  measuring  the  arc  of  the  meridian,  was 
fresh  in  their  minds. 

I conclude  the  imperfect  outline  just  given  by  the  summary  state-  i 
ment  of  the  specific  recommendations  made  to  Congress. 

“ 1.  To  fix  the  standard,  with  the  partial  uniformity  of  which  it  is 
susceptible,  for  the  present,  excluding  all  innovation. 

2.  To  consult  with  foreign  nations,  for  the  future  and  ultimate  es- 
tablishment of  universal  and  permanent  uniformity.” 


1Y.12.  The  reportof Mr.  Adamsseemsto  haveshared  thefateof those 
which  preceded  it,  so  far  as  arousing  Congress  toexertion  was  concern- 
ed, and  the  subject  slept  until  the  reaction  of  the  irregularities  in  the 
different  states  was  felt  at  the  treasury  of  the  United  States.  During 
the  administration  of  the  treasury  department,  by  a citizen  of  this  com- 
monwealth, S.  D.  Ingham,  Esq.,  an  investigation  was,  in  pursuance  of 
a resolve  of  the  Senate  of  the  United  States,  begun  under  his  direction 
by  Mr.  Hassler,  into  the  relative  values  of  the  standards  of  weights 
and  measures  used  at  the  different  custom  houses  of  the  United  States. 

* It  is  unnecessary  to  point  out  why  spring  water  could  not  afford  a basis  for 
the  relation  between  weight  and  measure. 
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The  standards,  where  any  such  existed,  were  transmitted  to  Wash- 
ington, and  it  soon  appeared  that  they  were  of  so  irregular  a character, 
and  so  unworthy  of  confidence,  that  the  comparison  of  them,  indefati- 
gably  pursued  by  Mr.  Hassler,  was  a task  entirely  beneath  his  at- 
tention.* 

At  the  same  time  Mr.  Hassler  availed  himself  of  his  opportunities 
to  examine  and  compare  different  reputed  standards  of  weight,  and 
: therefrom  has  resulted  the  most  valuable  collection  of  results  that  has 
ever  yet  appeared;  valuable  from  the  number  of  the  comparisons  made, 
from  the  variety  of  standards,  national  as  well  as  private,  compared, 
and  from  the  well  known  accuracy  of  the  observer.!  The  scientific 
discussions  of  the  questions  relating  to  weighing  are  of  the  highest 
authority,  and  the  determination  of  the  curves  representing  the  expan- 
sion of  water  in  different  vessels,  for  temperatures  above  and  below  its 
point  of  maximum  density,  of  practical  importance,  as  well  as  highly 
interesting  in  a scientific  point  of  view. 

13.  With  these  points  the  committee  are  notat  present  directly  con- 
:erned,  and  indeed  the  general  conclusions  might  seem  not  to  bear 
jpon  the  subject  of  inquiry,  were  it  not  that  the  proposed  adoption  of 
: standards  of  measure  in  the  customhouses  of  the  United  States,  would 
ead  either  to  the  adoption  of  the  same  in  the  localities  within  their 
nfluence,  or  to  conflicting  measures  inconvenient  to  both  buyers  and 
: sellers,  and  tending  to  increase  instead  of  to  diminish  the  present 
sonfusion.  In  a state  where  standards  are  already  fixed  by  law,  and 
rfsannot  be  changed  but  by  a law  of  the  state,  or  by  the  adoption  of  a 

Iystem  by  Congress,  when  the  law  provides  for  a change,  and  where 
ustom  houses  exist,  the  introduction  of  standards,  differing  from  the 
tate  standards,  must  produce  great  inconvenience.  It  becomes  the 
ommittee,  therefore,  to  examine  the  provision  of  this  report  to  the 
reasury  department.  They  are  as  follows: 

Standard  of  length; — A scale  of  82  inches  in  length  by  Troughton, 
its  Ihe  divisions  being  copied  from  the  same  scale  from  which  the  scales 
ised  by  Sir  G.  Shuckburg  Evelyn,  and  Capt,  Kater,  had  been  ob- 
ained,  and  proved  to  be  nearly  identical  with  the  English  standard. 
Phis  scale  was  obtained  by  Mr.  Hassler  for  the  coast  survey  in  1813. 
M Standard  temperature  62  degrees  Fahrenheit.]; 

Standards  of  weight; — The  avoirdupois  pound  to  be  deduced  by  the 
atio  of  7000  grs.  to  be  5760,  from  the  troy  pound  in  possession  of  the 
Jnited  States  Mint,  at  Philadelphia,  and  prepared  by  Bate,  in  1824. 
inder  the  direction  of  Capt.  Kater,  of  the  British  navy.  The  standard 
if  liquid  measure,  the^wine  gallon  of  231  standard  cubic  inches;  and  of 


] 

■4 

fi 

.3 

J 


* The  measure  which  proved  to  be  nearest  to  the  standard,  was  a folding 
ard  stick  from  Philadelphia,  the  length  of  which  is  stated  at  36.0002465  stand- 
rd  inches! 

f For  comparison  with  part  of  his  observations,  Mr.  Hassler  availed  himself  of 
measurements  made  by  a distinguished  French  astronomer,  M.  Nicollet,  then 
t Washington  on  a scientific  tour  through  our  country.  It  is  needless  to  say 
hat  the  results  were  entirely  satisfactory,  testing  the  accuracy  of  the  observers. 

4 In  inches  of  this  scale,  one  of  the  New  York  state  county  standard  yards, 
he  only  state  standard  which  I can  find  was  compared,  was  36.01545  inches. 
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dry  measure  the  Winchester  bushel,  of  2150.42  cubic  inches,  the  firs 
containing  at  the  point  of  maximum  density  of  water,  and  30  inches 
of  the  barometer  8.338888220lbs.  avoirdupois,  and  the  last  77. 
62741 31bs.  avoirdupois. 


V. — 14.  A resolution  for  inquiry  in  relation  to  a system  of  weight 
and  measures  for  our  state,  produced  an  elaborate  report  from  Mr 
John  S.  Dorsey,  chairman  of  the  committee  on  the  subject,  to  ou 
state  senate,  in  the  year  1808. 

Mr.  Dorsey  gives  a lamentable  account  of  the  condition  of  the  s< 
styled  standards  of  the  city  of  Philadelphia,  which,  independently  ofthi 
doubtfulness  of  their  claims  to  exactitude  when  originally  introduced 
had  lost  by  use,  all  pretension  to  be  considered  as  standards.  On  th< 
subject  of  the  system  in  common  use,  Mr.  Dorsey  speaks  thus: 

“The  having  of  various  units  or  sources  for  weights  or  measures 
is  a just  cause  of  complaint ; inasmuch  as  that,  thereby,  constant  op 
portunities  for  wrong  are  afforded,  which  in  their  operation  generall 
affect  a class  of  society,  who  are  least  able  to  sustain  the  injur) 
These  happen  most  frequently  in  articles  of  the  first  necessity,  am 
the  practice  is  predicated  on  a supposed  want  of  knowledge  of  tht 
various  kinds  of  weights  and  measures,  combined  with  their  mor< 
various  usages.” 

After  enumerating  the  various  frauds  to  which  such  a looseness  o 
system  may  give  rise,  the  committee  gave  it  as  their  opinion,  “ tha 
there  should  be  but  one  unit  standard,  or  source,  for  measures  of  ex 
tension;  one  unit  standard,  or  source,  for  measures  of  capacity;  am 
one  unit  standard,  or  source,  for  weight ; one  office  for  regulation  fo 
each  county;  one  mode  of  measurement  by  measures  of  capacity 
to  wit:  strike;  and  one  mode  of  weighing,  to  wit:  nett  hundred.” 

15.  A good  examination  of  the  history  of  British  weight  and  measur 
follows,  and  a brief  allusion  to  the  French  system,  in  which  th< 
committee  endeavour  to  point  out  why  it  may  not  be  generally,  o 
universally  adopted.  The  report  concludes  by  offering  an  act,  th< 
provisions  of  which  are  marked  with  considerable  boldness. 

1st,  The  unit  of  length  to  be  the  English  standard  foot.  Tht 
subdivisions  to  be  decimal;  but  the  multiples  irregular.  Tht 
superficial  measures  to  be  derived  from  the  foregoing  linear  mea 
sures. 

2nd,  The  measures  of  capacity  to  be  derived  from  that  of  lengtl 
by  cubing,  with  the  peculiarity  that  the  cubic  foot  is  the  high 
est  acknowledged  measure,  of  which,  though  the  regular  divi 
sions  are  decimal,  binary  divisions  are  allowed. 

The  cord  of  wood  and  of  bark  are  defined  to  be  128  cubic  feet 
well  stowed  and  piled. 

The  load  of  earth,  &c.  is  fixed  at  1 cubic  yard,  or  27  cubic  feet 
that  of  stone,  at  16£  cubic  feet,  and  of  charcoal  at  100  cubic  feet 
No  heaping  is  to  be  allowed. 

3d,  The  standard  of  weight  is  to  be  derived  from  the  weight  of 
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cubic  foot  of  water,  at  60°F.  at  1000  avoirdupois  ounces,  ten  ounces 
forming  the  unit  of  weight. 

The  materials  of  the  standards,  the  precise  manner  of  arranging 
them,  and  of  their  preservation,  is  described,  and  a peculiar  nomen- 
clature attached  to  the  system  ; into  this  I have  not  thought  neces- 
sary to  enter.  As  this  report  is  accompanied  by  the  only  detailed 
act  since  1700  and  previous  to  1833,  the  committee  may  choose 
to  have  it  reprinted  for  their  use,  together  with  the  act  of  1700,  its 
supplement  of  1705,  and  the  act  of  1813.* 

VI.  — 16.  In  January,  1822,  a committee,  of  which  Condie  Raguet, 
Esq.,  was  chairman,  made  in  the  state  senate,  a brief  report  on  this  sub- 
ject. The  speedy  action  of  our  national  councils  being  at  that  time 
expected,  the  committee  recommended,  simply,  provisional  measures 
and  requested  their  discharge. 

The  subject  of  weights  and  measures  in  our  state  legislature,  up 
to  the  date  of  this  report,  is  closed  by  a reference  of  the  bill  now 
before  the  committee,  to  the  managers  of  the  Franklin  Institute. 

An  abstract  of  the  provisions  of  the  present  bill  will  be  found  in 
Inote  (D)  appended  to  this  abstract. 

VII.  — 17.  The  report  of  Professor  Ren  wick,  upon  which  the  present 
system  of  weights  and  measures  of  the  state  of  New  York,  is  founded, 
contains  so  lucid,  and  yet  so  brief  a statement  of  the  scientific  data 
concerned  in  the  arrangement  of  a system,  that  it  ought  to  be  entire 
before  the  committee. 

Considering  an  entire  change  of  system  to  be  inexpedient,  if  not 
impossible,  Professor  Renwick  confines  his  views  to  the  proper  me- 
thods for  fixing  existing  denominations  and  standards,  and  for  their 
verification  or  recovery  when  lost.  The  results  consist  in  the  re- 
commendation, 1st,  That  there  shall  be  one  standard  for  length  and 
surface,  one  for  weight,  and  one  for  measures  of  capacity.  2nd, 
That  the  standard  of  linear  measure  be  the  yard  used  in  the  state  at 
.he  time  of  the  declaration  of  independence;  and  that  to  insure  the 
Recovery  of  the  standard  if  lost,  or  its  verification  if  required,  the 
ratio  of  the  length  of  this  yard  to  the  pendulum  with  a brass  rod 
vibrating  seconds,  in  vacuo,  at  the  temperature  of  melting  ice,  at  the 
'level  of  the  sea,  in  some  given  latitude  and  place  be  declared.  3d, 
That  the  standard  of  weight  be  derived  from  that  of  length,  by  the 
weight  of  a cubic  foot  of  water,  being  declared  to  be  in  vacuo,  at  its 
Maximum  density,  and  weighed  with  brass  weights,  62§  pounds : the 
)unce  being  the  sixteenth  part  of  such  a pound.  4th,  That  the  unit 
)f  measures  of  capacity,  dry  and  liquid,  be  the  gallon,  to  contain 
it  the  mean  pressure  of  the  atmosphere  and  level  of  the  sea,  ten 
1 oounds  of  distilled  water,  at  its  maximum  density.  All  other  mea- 
sures of  capacity,  to  be  deduced  from  this  by  continued  multiplica- 
! ion  or  division,  by  the  number  two. 

These  recommendations  were  substantially  adopted  in  framing  the 
aw,  but  the  introduction  of  a liquid  gallon  to  contain  81bs.  of  water 
it  its  maximum  density,  destroyed  the  uniformity  contemplated  in 
he  liquid  and  dry  measures. 

* These  documents  have  been  collected  for  the  Library  of  the  Am.  Philos, 
ociety,  by  the  indefatigable  attention  of  the  librarian,  John  Vaughan,  Esq. 
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Table  showing  the  proportions  of  the  measures  of  capacity  of  England,  at  different  periods. 
(Taken  from  a corresponding  table  in  Mr.  Adams’  report,  p.  142.) 
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NOTE  B. 

The  point  in  question  may  be  thus  stated  ; that  the  natural  system  of  metrol- 
ogy requires  two  sets  of  measures;  one  for  liquid  and  the  other  for  dry  sub- 
stances, and  two  sets  of  weights,  or  in  the  language  of  Mr.  Adams.  “ The  re- 
sult of  these  reflections  is,  that  the  uniformity  of  nature  for  ascertaining  the 
quantities  of  all  substances,  both  by  gravity,  and  by  occupied  space,  is  a uni- 
formity of  proportion,  and  not  of  identity  ; that,  instead  of  one  weight  and  one 
measure,  it  requires  two  units  of  each,  'proportioned,  to  each  other  ; and  that  the 
original  English  system  of  metrology,  possessing  two  such  weights,  and  two 
such  measures,  is  better  adapted  to  the  only  uniformity  applicable  to  the  sub- 
ject recognized  by  nature,  than  the  new  French  system,  which,  possessing 
only  one  weight  and  one  measure  of  capacity,  identifies  weight  and  measure 
only  for  the  single  article  of  distilled  water  ; the  English  uniformity  being  re- 
lative to  the  things  weighed  and  measured,  and  the  French  only  to  the  instru- 
ment used  for  weight  and  mensuration.” 

The  arguments  which  are  advanced  are, 

1.  “ The  relative  value  of  all  the  articles  which  are  bought  and  sold  by 
measures  of  capacity,  is  a complicated  estimate  of  their  specific  gravity  and  of 
the  space  which  they  occupy.  If  both  these  properties  are  ascertained  by  one 
instrument  for  any  one  article,  it  cannot  be  applied  with  the  same  effect  to  an- 
other. Thus  the  litre,  in  the  French  system,  is  a measure  for  all  grains  and 
liquids  : but  its  capacity  gives  a weight  only  for  distilled  water.  As  a measure 
of  corn,  of  wine,  or  of  oil,  it  gives  the  space  they  occupy,  but  not  their  weight. 
Now  as  the  weight  of  those  articles  is  quite  as  important  in  the  estimate  of 
their  quantities,  as  the  space  which  they  fill,  a system  which  has  two  standard 
units  for  measures  of  capacity,  but  of  which  each  measure  gives  the  same 
weight  of  the  respective  articles,  is  quite  as  uniform  as  that  which  of  any  given 
article,  requires  two  instruments  to  show  its  quantity  ; one  to  measure  the 
space  it  fills,  and  another  for  its  weight.” 

Is  it  correct  to  say  that  the  relative  values  of  all  articles  depend  upon  a com- 
pound of  their  bulk  and  density,  or  in  other  words,  upon  their  mass?  Is  not 
the  estimate  of  value  to  be  fixed  as  well  upon  a given  bulk  as  upon  a given 
weight?  Do  we  compare  the  relative  values  of  wines,  or  even  of  the  different 
kinds  of  spirits,  by  their  specific  gravities?  And  if  these  views  were  correct, 
would  they  not  justify  a separate  measure  for  every  article  sold,  for  tea,  coffee, 
sugar,  and  milk,  as  well  as  for  wheat,  wine,  or  oil?  Does  it  matter  in  the 
present  state  of  society,  whether  corn  and  wine  were  once  the  first  necessaries 
of  life,  and  produced  separate  natural  standards,  defined  by  the  relative  gra- 
vities of  corn  and  wine? 

2.  “ This  diversity  is,  therefore,  founded  in  the  nature  of  things  ; and  may 
be  stated  in  the  following  rule  : that  whatever  is  sold  by  weight  in  measures 
must  have  a measure  for  itself,  which  will  serve  for  no  other  article,  of  differ- 
ent specific  gravity  ; and  as  wheat  and  wine  are  both  articles  of  that  descrip- 
tion, as  their  specific  gravities  are  very  materially  different,  although  they  are 
very  suitable  to  be  weighed  by  the  same  weight,  they  yet  require  different  mea- 
sures, to  place  them  in  equipoise  with  that  weight.” 

The  objections  which  I have  just  urged  seem  to  apply,  in  force,  to  the  argu- 
ment now  stated,  which  Mr.  Adams  has  thus  happily  answered.  “ Our  coun- 
try is  not  a land  of  vineyards.  We  have  no  flowery  dales  of  Sibma,  clad  with 
vines.  Wine  is  an  article  of  importation  ; an  article  of  luxury,  in  a great  mea- 
sure confined  to  the  consumption  of  the  rich.  Its  distribution  in  measure,  and  the 
exactness  of  the  measure  by  which  it  is  distributed,  is  not  an  incident  which  every 
day  comes  home  to  the  interests  and  necessities  of  every  individual.  We  have 
less  reason  for  regretting,  therefore,  the  loss  of  a measure  which  would  prove 
its  integrity  by  its  weight;  and  more  reason  for  preferring  the  uniformity  of  sin- 
gleness in  the  French  system  of  capacious  measures,  to  the  uniformity  of  pro- 
portion which  belonged,  originally,  to  the  English.  That  proportion  itself  we 
have  lost  by  the  establishment  of  a wine  measure  of  231,  and  a corn  bushel  of 
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2150  cubic  inches  : and  although  it  exists  in  the  troy  and  avoirdupois  weights, 
and  in  the  wine  and  beer  gallons,  it  exists  to  none  of  the  useful  purposes  for 
which  it  was  originally  intended,  and  to  which,  in  former  days,  it  was  turned.” 

“ The  consumption  of  wine  in  modern  times  is  exceedingly  diminished,  not 
only  by  the  substitution  of  beer,  and  of  spirits  distilled  from  grain  in  the  coun- 
tries where  the  vine  is  not  cultivated,  but  by  the  use,  now  become  universal, 
of  decoctions  from  aromatic  herbs  and  berries.  Tea  and  coffee  are  potations 
unknown  to  the  European  world  until  within  these  two  centuries : and  they 
have  probably  diminished  by  one  half  the  consumption  of  wine  throughout 
the  world.” 

3.  “ The  measures  by  which  solid  and  liquid  substances  are  sold  are  not,  and 
cannot  conveniently  be  the  same.” 

The  reasons  given  1 submit  to  the  committee. 

I.  Because  the  form  and  nature  of  the  vessels  in  which  they  are  and  must  be 
kept,  are  different  in  the  two  classes  of  substances. 

II.  Dry  substances  are  most  conveniently  measured,  liquids  weighed.(?) 

III.  The  purchase  and  sale  of  dry  and  liquid  substances,  is  not  at  the  same 
times  or  places,  nor  by  the  same  persons. (?) 

IV.  “ There  are  conveniences  in  the  intercourse  of  society,  connected  with 
the  use  of  smaller  and  more  minutely  perfect  weights  and  measures  of  capaci- 
ty, for  sales  of  articles  by  retail,  than  by  wholesale,  and  for  articles  of  great  price 
though  of  small  bulk.” 

V.  “There  is,  finally,  an  important  advantage  in  the  establishment  of  two 
units  of  weights  and  measures  of  capacity,  by  the  possession  in  each  of  a 
standard  for  the  verification  of  the  other.” 


NOTE  C. 

Legal  provisions  for  Weights  and  Measures  in  the  several  stales  up  to  1821.  {Ex- 
tracted from  the  report  of  J.  Q.  Mams,  Secretary  of  State. ) 
Massachusetts. 

1647.  Measures  to  be  provided  from  the  mother  country.  No  troy  weights 
named. 

1692.  Declares  weights  to  have  been  derived  from  the  exchequer  of  England, 
and  the  measures  to  be  Winchester  measures. 

1705.  Troy  weights  to  be  procured  for  silver,  bullion,  &c. 

1730.  New  set  of  avoirdupois  weights,  introduced  from  the  exchequer,  and 
measures  Winchester  measures.  In  use  to  this  day. 

1800.  Standards  confirmed  by  state  law. 

1804.  Troy  weights  stated  to  be  too  light,  and  a specific  number  of  grains  di- 
rected to  be  added  to  each  one. 

New  Hampshire  and  Vermont. 

1718  a 1797.  Weights  of  Exchequer  of  England,  and  Winchester  measures.  No 
troy  weights  by  law. 

Erode  Island. 

No  law.  Standards  derived  from  Massachusetts. 

Connecticut. 

1800.  Bushel  to  contain  1099  cubic  inches,  (probably  a copy  of  that  of  1670  of 
England.)  Ale  gallon  282  cubic  inches.  Wine  gallon  224  do.;  changed 

1801.  in  1801  to  231  cubic  inches.  No  troy  weights  by  law. 

New  York. 

1703.  Weights  and  measures  according  to  English  exchequer. 

1784.  Measures  recited  to  have  been  procured  from  exchequer  made  standards. 
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1809.  A yard  measure  procured  in  1803  from  England  exchequer,  declared  the 
standard  of  the  state. 

1813.  Declares  standards  in  use  at  declaration  of  independence  according  to  the 
weights  and  measures  in  the  secretary  of  states  office,  to  be  the  stand- 
ards until  Congress  shall  provide  others. 

1826.  See  abstract  of  Professor  lienwick’s  report. 

New  Jersey. 

1725.  Adopts  the  measures  of  weights  of  England. 

Pennsylvania. 

1700.  Standards  to  be  obtained  from  the  exchequer,  provisional  standards 
adopted.  Beer  to  be  sold  retail  by  beer  measure,  and  English  assize  of 
casks,  so  that  it  was  paid  for  by  wine  and  sold  by  beer  measure,  repeal- 
1705.  ed  in  1705. 

1813. 

I1833.  See  sketch  of  proposed  act. 

Delaware. 

1705.  Standards  to  be  obtained  from  the  exchequer  of  England. 

Maryland. 

11641.  Winchester  bushel  adopted  for  two  years,  and  still  used. 

1671.  English  standards  to  be  procured  and  distributed. 

1692.  Law  of  1671  confirmed.  No  beer  measure. 

1715  and  1765. 

(1781.  Troy  weights  recognized. 

1805.  Mayor  and  City  Councils  of  Baltimore  authorized  to  fix  the  standards  for 
that  city. 

Virginia. 

'1623-4,  Weights  and  measures  not  to  be  used  unless  sealed. 

(1631-2.  A barrel  of  corn  to  contain  five  Winchester  bushels. 

1646.  Weights  and  measures  of  statute  12,  Henry  VII,  (1496,)  declared  the 
and  only  legal  weights  and  measures.  Copies  to  be  provided  by  sealers. 
1661.  So  that  the  legal  weights  were  not  the  ones  really  used,  the  latter  being 
the  exchequer  standards. 

1734.  Provisions  of  1661  confirmed  omitting  reference  to  act  of  1496. 

1792.  Act  of  1734  to  continue  in  force  until  congress  enact  laws  for  regulating 
weights  and  measures. 

; 1818.  Assize  of  staves  regulated. 

North  Carolina. 

Prior  to  revolution.  Act  adopting  exchequer  standards,  and  providing  for  the 
distribution  of  copies,  and  preservation  of  standards. 

South  Carolina. 

1768.  London  standards  adopted. 

1785.  Justices  of  county  courts  authorized  to  regulate  weights  and  measures 
within  their  several  jurisdictions. 

Georgia. 

1803.  Standards  of  Savannah  and  Augusta  declared  to  be  those  of  the  state. 
Ordinance  of  city  councils  of  Augusta  prescribes  avoirdupois  weights,  wine  mea- 
sure for  liquids,  and  Winchester  bushel  for  dry  substances. 

Kentucky. 

1798.  States  that  congress  not  having  legislated,  they  adopt  the  Virginia  stand- 
ards of  1734. 

Governor  to  procure  standards.  The  bushel  declared  to  contain  2150  2-3 
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solid  inches,  and  the  wine  gallon  231.  Copies  to  be  made,  and  standards 
preserved  by  Secretary  of  state. 

Tennessee. 

No  standards  fixed. 

Ohio. 

1811.  A half  bushel  of  1075  2-10ths.  solid  inches  to  be  made  and  kept  as  the 
standard. 

Louisiana. 

French  measures  originally  used. 

1814.  Standards  directed  to  be  procured  to  conform  to  those  used  by  tile  Unit- 
ed States  revenue  officers.  Copies  to  be  distributed,  &c. 

A barrel  ordained  to  contain  3^  American  bushels. 

Indiana. 

1807.  Standards  of  English  measure  to  be  procured  and  distributed,  and  avoir- 
dupois weights.  Half  bushel  to  contain  1075  l-5th  cubic  inches,  a gal- 
lon 231  do.  To  remain  in  force  until  congress  otherwise  provide. 

1818.  Confirmed. 

Mississippi. 

1807.  United  States,  or,  in  their  absence,  English  avoirdupois  weights  and 
standard  measures  of  length,  and  dry  measures  of  capacity,  and  wine 
measures  liquid.  Copies  to  be  distributed. 

1815.  Directions  for  distribution  of  weights  and  measures. 

1818.  Further  directions  for  preserving  standards.  Confirms  the  standards  until 
congress  shall  fix  a standard. 

Illinois. 

1819.  Standards  to  be  procured  of  English  measure. 

A wine  gallon  to  contain  231  cubic  inches.  Half  bushel  to  contain 
1075.2  cubic  inches.  Pound  avoirdupois  to  contain  7,020  grains  troy. 

Alabama. 

1807  and  1815.  Of  Mississippi  territory  apply. 

Missouri. 

1813.  Linear  measure  adopted,  English. 

Half  bushel  to  contain  1075  l-5th  cubic  inches.  Gallon  231  cubic  inches. 
Avoirdupois  weight. 

District  or  Columbia. 

1802.  Provides  for  keeping  of  standards  fixed  (?)  by  congress,  by  corporation, 
and  the  sizes  of  weights  and  measures  used  in  the  city,  by  the  same. 
Corporation  have  conformed  to  statutes  of  Maryland. 


NOTE  D. 

Chief  provisions  of  the  bill  of  1833  for  regulating  Weights  and  Measures  in 

Pennsylvania. 

Provides  for  procuring  and  preserving  standards.  For  conforming  to  those  ol 
the  United  States  when  fixed. 

Linear  standard  to  be  the  yard.  Customary  multiples  and  parts  allowed. 
Superficial  measure.  Acre  defined  to  be  4840  sq.  yds. 

Capacity  measures.  Wine  gallon  231  cubic  inches. 

Beer  do.  282  do. 

Bushel  2150.42  cubic  inches. 
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Lime  bushel  lS^  ins.  diam.  at  bottom.  1 ^ ;nches  dee 

15  „ top.  3 inc  es  eep' 

A cord  of  wood  to  contain  128  cubic  feet. 

A hogshead  of  cider  110  wine  gallons. 

Weights. — Troy  pound  to  be  equal  to  that  of  the  United  States  mint,  and  the 
.voirdupois  pound  to  bear  to  it  the  ratio  of  7 000  to  5760. 

Miscellaneous . 

Provides  for  distributing  the  county  standards,  and  for  verifying  them,  fines, 
>enalties,  &c. 

60  pounds  avoirdupois  of  wheat  to  pass  for  a bushel. 

58  „ rye. 

>>  ,,  corn. 

48  „ buckwheat. 

47  „ barley 

32  „ oats. 


85  „ coarse  salt  (foreign.) 

70  ,,  ground  salt. 

62  ,,  fine. 


80  ,,  . anthracite  coal,  112  lbs.  to  make  one  cwt.  and 

2240  lbs.  = 1 ton. 


No.  VII. 

Report  of  Dr.  Samuel  Moore  on  the  authentication  of  the  Troy  Pound  in 
possession  of  the  Mint  of  the  United  States. 

To  the  committee  of  the  Franklin  Institute  charged  with  the  subject  of  Weights 

and  Measures. 

Mint  of  the  United  States,  October  1,  1833. 

The  standard  troy  pound  of  the  mint  is  a copy,  executed  with  great 
rare,  of  the  British  parliamentary  troy  pound  of  1758,  recognised 
tnd  designated  in  the  year  1824  as  the  imperial  troy  pound  of  Great 
Britain.  It  was  procured  at  my  request,  in  1827,  through  the  atten- 
tion and  influence  of  Mr.  Gallatin,  Minister  of  the  United  States  at 
London.  By  the  friendly  offices  of  Mr.  Davies  Gilbert,  Vice  Presi- 
dent of  the  Royal  Society,  the  standard  troy  pound  in  the  care  of  the 
Clerk  of  the  House  of  Commons,  was,  on  the  application  of  Mr.  Gal- 
atin  to  the  Speaker  of  the  House,  committed  to  the  charge  of  Capt. 
jliater,  for  the  purpose  of  effecting  at  his  own  house  an  adjustment 
if  the  copy  to  the  original. 

The  standard  weight  is  of  brass,  the  original  being  of  that  mate- 
rial. It  was  made  by  Mr.  Bate,  who  had  constructed  all  the  stand- 
in!  British  weights,  and  the  comparison  with  the  original  was  made 
ly  a very  delicate  beam  constructed  by  Robinson,  the  same  artist  who 
fiad  constructed  the  beam  with  which  Capt.  Kater  compared  the  stand- 
ard weights  above  mentioned  with  the  original  standard  troy  pound. 

The  weight  was  enclosed  in  a neat  casket  carefully  enveloped  un- 
der seal  of  the  American  legation  at  London,  and  committed  by  Mr. 
Gallatin  himself  to  the  hands  of  Mr.  Cucheval,  a public  messenger, 
bearing  despatches  from  the  legation  to  the  United  States,  by  whom 
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it  was  delivered  into  my  hands,  accompanied  by  a packet  containing 
ample  certificates  from  Capt.  Kater  and  Mr.  Gallatin,  testifying  to 
the  accuracy  of  the  weight  in  question. 

The  casket  and  accompanying  package  were  retained  under  seal, 
waiting  the  return  of  Mr.  Adams,  President  of  the  U.  S.,  from  his 
family  residence  to  Washington,  in  order  that  the  seal  of  Mr.  Galla- 
tin, and  the  various  facts  of  chief  moment,  in  regard  to  the  authenti- 
cation of  the  weight,  might  be  verified,  on  his  authority.  They  were 
accordingly  opened  in  the  presence  of  Mr.  Adams,  in  Philadelphia, 
on  the  12th  of  October,  1827,  and  his  full  certificate  in  regard  to  the 
seal,  which  he  readily  recognized,  and  to  the  circumstances  general- 
ly, giving  assurance  of  the  fidelity  of  the  whole  transaction,  and  the 
consequent  accuracy  of  the  weight,  has  been  added  to  the  vouchers  in 
the  case;  he  declaring,  in  conclusion,  his  entire  belief,  that  the  brass 
weight  then  exhibited  was  the  identical  copy  of  the  imperial  standard 
troy  pound  of  Great  Britain,  intended  and  referred  to  in  the  aforesaid 
certificates. 

The  above  facts  having  been  communicated  to  Congress  through 
the  committee  on  the  mint,  the  troy  pound  thus  certified  was  speci- 
fically declared  by  law  to  be  “the  standard  troy  pound  of  the  mint 
of  the  United  States,  according  to  which  the  coinage  thereof  shall  be 
regulated.”  See  section  2nd  of  the  act  of  May  19,1827,  respecting 
the  mint,  a copy  of  which  is  hereto  annexed. 

This  is  the  specific  pound  weight,  assumed  as  the  standard  unito! 
the  system  of  weights  reported  to  the  Senate  of  the  United  States, 
under  a resolution  of  that  body  of  29th  May,  1830 — see  a communica 
tion  from  Mr.  Ingham,  Secretary  of  the  Treasury,  made  to  the  Senafi 
March  3d,  1831;  also  the  report  of  Mr.  Hassleron  the  subject,  27tl 
January,  1832,  pages  10  and  25;  and  a communication  to  the  Senafi 
from  Mr.  M‘Lane,  Secretary  of  the  Treasury,  accompanying  this  re 
port,  dated  20th  June,  1832.  It  has  been  constantly  in  my  posses- 
sion, and  is  preserved  with  the  utmost  care. 

Very  respectfully,  gentlemen, 

Your  obedient  servant, 

Samuel  Moore 
Director  United  Stales  Mint. 

Copy  of  the  2nd  section  of  Jin  uJlct  to  continue  the  Mint  at  the  Cil\ 
of  Philadelphia,  and  for  other  purposes .”  Approved  19th  May 
1828. 

“Sect.  2.  And  be  it  further  enacted,  that,  for  the  purpose  of  se 
curing  a due  conformity  in  weight  of  the  coins  of  the  United  States 
to  the  provisions  of  the  ninth  section  of  the  act  passed  the  second  o 
April,  one  thousand  seven  hundred  and  ninety-two,  entitled  ‘An  ac 
establishing  a Mint,  and  regulating  the  coins  of  the  United  States, 
the  brass  troy  pound  weight,  procured  by  the  Minister  of  the  Uniter , 
States,  at  London,  in  the  year  one  thousand  eight  hundred  and  twen 
ty-seven,  for  the  use  of  the  mint,  and  now  in  the  custody  of  the  di 
rector  thereof,  shall  be  the  standard  troy  pound  of  the  Mint  of  th 
United  States,  conformably  to  which  the  coinage  thereof  shall  be  re 
gulated.” 
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No.  VIII.* 

ACT  REGULATING  WEIGHTS  AND  MEASURES  IN  THE  PROVINCE  OF 
PENNSYLVANIA,  A.  D.  1700. 

An  Act  for  regulating  Weights  and  Measures,  (a) 

Be  it  enacted , That  in  each  county  of  this  province  and  terri- 
tories there  shall  be  had  and  obtained,  within  two  years  after  the 
making1  of  this  law,  at  the  charge  of  each  county,  to  be  paid  out 
of  the  county  levies,  standards  of  brass,  for  weights  and  mea- 
sures, according  to  the  King’s  standards  for  the  exchequer; 
iwhich  standards  shall  remain  with  such  officer  in  the  counties 
aforesaid,  as  shall  be  from  time  to  time  appointed  by  the  Gover- 
nor, with  the  advice  of  the  Council:  And  every  weight,  according 
to  its  scantling,  and  every  measure,  as  bushels,  half-bushels, 
pecks,  gallons,  pottles,  quarts  and  pints,  shall  be, made  just 
weights  and  measures,  and  marked  by  him  that  shall  keep  the 
^standards.  And  that  no  person  within  this  province  and  terri- 
tories shall  presume  to  buy  or  sell  by  any  weights  or  measures, 
not  sealed  or  marked  in  form  aforesaid,  and  made  just  according 
to  the  standards  aforesaid,  by  the  officers  in  whose  possession 
the  standards  remain,  on  penalty  of  forfeiting  five  shillings  to  the 
prosecutor,  being  convicted  by  one  Justice  of  the  Peace  of  the 
unjustness  of  his  weights  or  measures.  And  that  once  a year  at 
least,  the  said  officer,  with  the  Grand  Jury,  or  the  major  part  of 

(a)  This  act,  except  the  last  section,  is  confirmed  post.  chap.  138;  and  by 
!an  act  passed  on  the  19th  of  January,  1733-34,  (post.  chap.  382,)  millers,  bol- 
ters and  bakers  were  required  to  bring  their  weights  and  measures,  once  in 
three  years,  to  the  standard  kept  in  each  county,  according  to  the  direction 
of  the  law  in  the  text:  [but  that  act  was  repealed  on  the  5th  April,  1781,  (post, 
chap.  925.) 

It  appears  by  the  records  of  the  executive  department,  that  the  late  Supreme 
Executive  Council  proposed  two  questions  on  this  act  for  the  opinion  of  the 
Attorney-General,  {Mr.  Bradford.)  “ 1st.  In  whom  the  appointment  of  the 
[officer  therein  mentioned  is  now  vested?  and  2d,  Whether  the  Mayor  or  Cor- 
poration of  Philadelphia  have  a right  to  appoint  such  an  officer  for  the  city,  in 
■exclusion  of  that  appointed  by  the  county?”  The  opinion  of  the  Attorney- 
General,  dated  the  14th  of  October,  1790,  in  answer  to  the  first  question, 
itates,  “that  previously  to  the  revolution  the  power  of  appointment  was  clearly 
n the  Governor;  and,  by  the  laws  and  constitution  of  the  state,  may  now  be 
exercised  by  the  President  and  Council And,  in  answer  to  the  second  ques- 
tion, it  states,  “that  the  Mayor  and  Corporation  have  not  any  such  power  of 
ippointment.”  However,  as  it  seemed  doubtful  whether  there  is  now  in  ex- 
stence  any  such  standards  as  are  directed  by  the  act  to  be  procured,  and  as 
the  original  standard  is  now  kept  in  a foreign  kingdom,  a revision  of  the  act 
svas  suggested  by  the  Governor  to  the  Legislature,  in  his  address  of  the  28th 
lay  of  December,  1790,  unless  there  should  speedily  be  made  by  the  Federal 
Government  some  general  and  permanent  provision,  which  would  supersede 
the  necessity  of  any  state  regulations.  As  the  constitution  of  the  United  States, 
[art.  I.  sect.  8,)  vests  in  Congress  the  power  of  fixing  the  standard  of  weights 
ind  measures,  and  as  a general  regulation  is  contemplated  by  that  body,  the 
legislature  of  Pennsylvania  has  not  hitherto  interposed  on  the  subject.  {Note 
o former  edition.) 

* Extracted  from  Bioren’s  edition  of  the  Laws  of  Pennsylvania.  Vols.  1 & 6. 
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them,  and  for  want  of  the  Grand  Jury,  with  such  as  shall  be  al- 
lowed and  appointed  by  the  respective  County  Courts  aforesaid 
for  assistants,  shall  try  the  weights  and  measures  in  the  counties 
aforesaid;  and  those  weights  and  measures  as  are  defective  to  be 
seized  by  the  said  officer  and  assistants:  Which  said  officer,  for 
his  fees,  for  making  each  bushel,  half-bushel  and  peck  just  mea- 
sure, and  marking  the  same  that  is  large  enough  when  brought 
to  his  hands,  shall  have  ten-pence;  and  for  every  lesser  measure, 
three-pence;  for  every  yard,  three-pence;  for  every  hundred  and 
half-hundred  weight,  being  made  just  and  marked,  three-pence; 
for  every  lesser  weight,  one  penny.  And  if  the  weights  and  mea- 
sures be  made  just  before  they  be  brought  to  him,  then  to  have 
but  half  the  fees  aforesaid  for  marking  the  same.  And  if  the 
said  officer  shall  refuse  to  do  any  thing  that  is  enjoined  by  this 
law,  for  the  fees  appointed,  and  be  duly  convicted  thereof,  [he] 
shall  forfeit  five  pounds,  to  the  use  of  the  Proprietary  and  Go- 
vernor.* 

II.  Provided  always , and  it  is  hereby  enacted,  That  the  brass 
half-bushel,  now  in  the  town  of  Philadelphia,  and  a bushel  and 
peck  proportionable,  and  all  lesser  measures  and  weights  coming 
from  England,  being  duly  sealed  in  London,  or  other  measures 
agreeable  therewith,  shall  be  accounted  and  allowed  to  be  good 
by  the  aforesaid  officer,  until  the  said  standards  shall  be  had  and 
obtained. 

III.  And  be  it  further  enacted , That  no  person  shall  sell  beer  or 
ale  by  retail,  but  by  beer  measure,  according  to  the  standard  of 
England.  ( b ) 

An  Act  for  selling  beer  and  ale  by  wine-measure. 

Whereas  by  a law  of  this  province,  for  regulating  the  dimen- 
sions of  casks,  &c.  it  is  enacted,  among  other  things,  That  a 
barrel  shall  contain  thirty-one  gallons  wine-measure.  And  where- 
as by  another  law  of  this  province,  for  regulating  of  weights  and 
measures,  it  is,  amongst  other  things,  enacted,  That  none  shall 
sell  beer  or  ale  by  retail,  but  by  beer-measure,  according  to  the 
standard  of  England;  by  reason  whereof  the  retailers  of  beer  and 
ale  are  obliged  to  sell  the  same  by  far  greater  measure  than  they 
buy  it:  For  remedy  whereof,  Be  it  enacted,  That  from  and  after 
the  publication  of  this  act,  all  persons  which  now  are,  or  which 
at  any  time  or  times  hereafter  shall  be  licensed  to  keep  any  ta- 
vern, inn,  ale-house  or  victualling-house,  within  this  province, 

* The  word  [he]  is  not  contained  in  the  original  roll,  though  inserted  in  the 
former  edition.  ( Note  to  former  edition.) 

( b ) By  an  act  passed  in  1705,  (post.  chap.  138)  any  person  licensed  to  keep 
any  tavern,  inn,  alehouse,  or  victualling  house,  shall  sell  beer  and  ale  by  wine 
measure  to  all  persons  who  drink  it  in  their  houses,  and  by  beer  measure  to 
all  such  persons  as  carry  the  same  out  of  their  houses,  under  the  penalty  of 
ten  shillings,  &c.  and  this  act  is  confirmed,  except  the  third  section. 
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shall  sell  beer  and  ale  by  wine-measure  to  all  persons  as  drink  it 
in  their  houses,  and  by  beer-measure  to  all  such  persons  as  carry 
the  same  out  of  their  houses,  under  the  penalty  of  ten  shillings, 
to  the  use  of  the  poor  for  every  county  where  the  offence  is  com- 
mitted, any  law,  custom  or  usage,  to  the  contrary  in  any  wise  not- 
withstanding. 

II.  Provided  always , and  be  it  further  enacted , That  the  above 
recited  law,  entitled,  An  act  for  regulating  weights  and  measures , 
and  every  part  and  proviso  therein  contained,  except  the  last 
clause  thereof,  relating  to  selling  beer  and  ale  by  beer-measure, 
shall  be  and  remain  in  full  force,  any  thing  herein  contained  to 
the  contrary  notwithstanding. 

Passed  in  1705. — Recorded  A.  vol.  I.  page  184. 

See  ante.  (chap.  73,)  pa.  19.  The  act  for  regulating  the  dimensions  of  casks, 
& c.  herein  recited,  was  repealed  March  20th,  1810. 


A supplement  to  the  act , entitled  “ An  act  for  regulating  Weights  and 

Measures .” 

Sect.  1.  Be  it  enacted  by  the  Senate  and  House  of  Represen- 
tatives of  the  commonwealth  of  Pennsylvania,  in  general  assem- 
bly met,  and  it  is  hereby  enacted  by  the  authority  of  the  same, 
That  if  any  person  or  persons  shall  counterfeit  the  brands  and 
marks,  or  either  of  them,  of  the  sealer  of  measures  in  the  city 
and  county  of  Philadelphia,  or  shall  presume  to  buy  or  sell  by 
any  measure,  not  sealed,  branded  or  marked,  according  to  the 
directions  of  the  act  to  which  this  is  a supplement,  or  shall  alter 
the  size  of  any  vessel  with  a fraudulent  intent,  after  being  sealed, 
branded  or  marked  by  the  proper  officer,  he,  she  or  they,  being 
thereof  legally  convicted,  shall  forfeit  and  pay  any  sum  not  ex- 
ceeding thirty  dollars,  one  half  thereof  to  be  paid  to  the  infor- 
mer, and  the  other  half  to  the  commonwealth. 

Sect.  2.  And  be  it  further  enacted  by  the  authority  aforesaid, 
That  if  any  person  or  persons  shall,  within  the  city  and  county 
aforesaid,  presume  to  sell  or  offer  for  sale  any  dry  measure  what- 
ever, not  sealed,  impressed  or  branded  by  the  sealer  of  measures, 
according  to  law,  he,  she  or  they,  upon  conviction  thereof,  shall 
forfeit  and  pay  any  sum  not  exceeding  ten  dollars,  to  be  appro- 
priated as  aforesaid. 

Sect.  3.  And  be  it  further  enacted  by  the  authority  aforesaid, 
That  if  the  said  person  who  may  be  appointed  sealer  aforesaid, 
shall  at  any  time  stamp  or  seal  any  measure  that  does  not  agree 
with  the  standard  now  in  force,  and  being  duly  convicted  thereof, 
shall  forfeit  and  pay  any  sum  not  exceeding  ten  dollars  to  the 
guardians  of  the  poor  of  the  proper  ward,  township  or  district, 
for  the  support  of  the  poor  thereof:  or  shall  refuse  or  neglect  to 
do  any  thing  enjoined  on  him,  in  and  by  an  act,  passed  in  one 
thousand  seven  hundred,  entitled,  “An  act  for  regulating  weights 
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and  measures,”  or  charge  more  fees  than  is  directed  by  said  act, 
and  being  duly  convicted  thereof,  he  shall  forfeit  and  pay  any 
sum  not  exceeding  fifty  dollars,  one  half  to  the  informer,  the 
other  for  the  use  cf  this  commonwealth. 

Sect.  4.  And  be  it  further  enacted  by  the  authority  aforesaid, 
That  all  proceedings  for  the  recovery  of  penalties  incurred  in 
pursuance  of  this  act,  shall  be  proceeded  in,  and  recovered  before 
any  alderman  or  justice  of  the  peace  of  the  proper  ward,  town- 
ship, or  district,  in  the  same  manner,  and  be  subject  to  like  ap- 
peal, as  debts  of  the  same  amount  are  now  recoverable. 

Sect.  5.  And  be  it  further  enacted  by  the  authority  aforesaid, 
That  so  much  of  the  act  to  which  this  is  a supplement,  as  is 
hereby  altered  or  supplied,  is  hereby  repealed. 

Passed  29th  March,  1813 — Recorded  in  Law  Book  No.  XIV.  p.  105. 

Note.* — Grain  usually  bought  and  sold  by  measure  to  be  regulated  according 
to  the  following  standard,  viz.  the  weight  of  a bushel  of  wheat  to  be  60,  of  rye 
or  corn  58,  of  barley  47,  of  buckwheat  48,  and  of  oats  32  pounds. 

Foreign  salt  to  be  bought  and  sold  by  weight  per  bushel,  viz.  coarse  salt 
85,  grained  salt  70,  and  fine  salt  62  pounds.  Nothing  in  the  act  to  prevent 
selling  or  buying  by  measure,  (ch.  4547.) 

The  bushels  for  measuring  lime  in  the  city  and  county  of  Philadelphia, 
Bucks,  Montgomery,  Delaware,  Chester,  Lancaster  and  York,  to  be  13£  inches 
diameter  at  the  bottom,  and  15  at  the  top,  and  13  inches  and  47-100  perpen- 
dicular depth  in  the  clear.  The  Court  of  C.  P.  to  appoint  persons  to  procure 
a brand  and  make  every  bushel;  his  qualifications  and  duties.  Penalty  of  5 
dollars  imposed  for  using  a bushel  not  stamped,  (ch.  4718.) 

See  vol.  1,  p.  18,  and  notes  thereto. 

No.  IX. 

Report  on  the  subject  of  Weights  and  Measures  made  to  the  Commis- 
sioners for  Revising  the  Laws  of  the  State  of  New  York.  By 
James  Renwick,  Professor  of  Natural  Philosophy  and  Chemis- 
try in  Columbia  College. 

(1.)  It  is  conceived  that  it  would  be  inexpedient,  indeed  it  may 
be  said,  impossible,  to  change  the  present  denominations  of 
weight  and  measure.  The  terms  foot,  yard,  pound,  ounce,  bushel, 
gallon,  quart,  See.  are  identified  with  our  language  ; and  it  would 
be  as  easy  to  subvert  the  form  and  dialect  of  our  ordinary  collo- 
quial speech,  as  to  introduce  new  standards  of  weight  and  mea-  t 
sure,  with  new  names.  All  that  could  reasonably  be  attempted,  , 
is  to  refer  the  units  of  the  several  denominations  to  some  mea- 
sure in  nature,  constant,  determinate  and  easily  determinable, 
making  such  slight  changes,  not  appreciable  in  the  transactions 
of  trade,  as  will  tend  to  the  facility  of  this  determination  ; and, 
in  addition,  the  means  by  which  the  accuracy  of  existing  stan-  „ 

* The  information  contained  in  this  note,  renders  it  unnecessary  to  reprint  C; 
the  acts  referred  to.  The  duties  of  the  sealer  and  regulator  form  no  part  oi  t; 
the  subject  under  consideration  by  the  committee. 
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dards  may  be  tested  in  future  times,  or  the  standards  themselves 
restored,  if  lost,  must  be  defined  To  do  more  would  be  to  at- 
tempt what  is  wholly  beyond  the  reach  of  legislative  power. 

That  this  view  of  the  subject  is  correct,  may  he  shown  by  an 
appeal  to  the  experience  of  the  people  of  France.  At  the  break- 
ing out  of  the  Revolution  in  that  country,  the  steps  necessary  to 
form  a system  of  weights  and  measures  entirely  different  from 
those  formerly  existing,  and  resting  not  merely  for  their  stand- 
ards, but  for  their  absolute  units,  upon  a measure  deduced  from 
a constant  dimension  in  nature,  were  undertaken.  The  result  of 
this  investigation  was  in  a system  that,  if  tested  by  the  facility  of 
applying  to  it  the  principles  of  decimal  arithmetic,  by  the  scien- 
tific and  practical  skill  of  the  parties  employed  in  the  task,  or  by 
the  great  zeal  and  intelligence  shown  by  them,  is  deserving  of 
all  praise.  But  in  spite  of  the  favourable  circumstances  existing 
at  that  era,  when  the  whole  nation  was  searching  after  novelties, 
and  no  prejudice  in  favour  of  any  ancient  customs  could  be  con- 
sidered as  opposing,  it  was  found  that  it  could  not  be  introduced 
in  its  full  extent;  and  that  the  part  on  which  the  proposers  most 
prided  themselves,  namely,  the  decimal  division,  by  which  it  be- 
came accommodated  to  the  existing  scale  of  arithmetic  magnitude, 
was  the  first  which  required  modification.  On  the  12th  of  March, 
1812,  previous  to  the  downfall  of  the  Emperor  Napoleon,  the  an- 
cient denominations  of  lineal  dimension,  toise,  foot,  inch,  &c.  were 
restored,  but  appropriated  to  measures  derived  from  the  metrical 
system  ; and  since  the  restoration  of  the  Bourbons,  that  system 
has  been  further  modified  by  the  application  of  the  ancient  name 
of  pound  to  the  half  kilogramme,  with  which  that  weight  nearly 
corresponds.  Nor  does  the  necessity  of  making  these  changes 
arise  from  the  inveteracy  of  prejudices,  from  which  the  French 
nation  might  be  considered  at  the  time  as  almost  entirely  free, 
but  from  causes  actually  existing  in  nature.  The  decimal  nota- 
tion, although  long  use  has  made  it  habitual,  is  by  no  means  the 
most  convenient  for  the  calculations  of  arithmetic  ; it  seems  to 
have  originated  in  no  other  cause  than  the  habit  of  counting  upon 
the  fingers  in  the  infancy  of  society  ; and  although,  from  estab- 
lished habit,  it  would  be  proper  in  the  ascending  scale  of  weights 
and  measures  in  ordinary  use,  and  in  the  descending  scale  in 
scientific  inquiry,  is  not  applicable  to  the  divisions  of  the  unit  in 
traffic.  For  this  last  purpose,  a system  admitting  of  binary  di- 
vision is  alone  fitted ; and  with  this  the  duodecimal  division  of 
lithe  foot  is  sufficiently  agreeable  ; while  it  is  found  in  the  full  ex- 
Siltent  in  the  customary  divisions  of  the  yard,  the  avoirdupois 
i>:  pound,  and  the  bushel.  Warned,  therefore,  by  the  example  of 
• the  French,  we  should  attempt  no  change  of  names,  or  new 
a- methods  of  division,  for  the  several  units  of  length,  weight,  and 
capacity  ; while,  on  the  other  hand,  we  learn  that  slight  modifi- 
o(i cations  of  the  magnitudes  of  either  of  these,  that  will  render  them 
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more  consistent  with  each  other,  and  with  a standard  existing  in 
nature,  if  such  be  attainable,  are  perfectly  possible. 

(2.)  It  is  a well-known  and  established  physical  fact,  that  the 
pendulum  vibrating  seconds  of  mean  time  in  any  given  place,  is 
invariable  in  length.  That  is  to  say,  that  if  made  of  a substance 
susceptible  of  variation  in  length  with  changes  of  temperature, 
the  variation  of  its  length  will  be  attended  with  corresponding 
variations  in  the  time  of  its  oscillations  ; while,  if  so  constructed 
as  to  remain  invariable  in  length,  the  duration  of  its  vibration  in 
very  small  circular  arcs,  and  in  an  atmosphere  of  unvarying  pres- 
sure, will  be  constant  : and  although  no  experimental  pendulum 
is  invariable  in  length  under  differing  temperatures,  nor  the  pres- 
sure of  the  atmosphere  constant,  yet  these  two  circumstances 
may  be  abstracted  from,  by  means  of  corrections  deduced  from 
accurate  experiments  on  the  law  of  expansion  by  heat,  and  on  the 
buoyancy  of  the  atmosphere.  The  length  of  the  seconds  pendu- 
lum varies  with  the  change  of  latitude,  according  to  a regular  and 
well-known  law  ; and  it  has  lately  been  shown  to  be  affected  by 
local  circumstances.  Still,  however,  the  length  of  the  seconds 
pendulum  in  a given  position,  when  corrected  for  changes  of  tem- 
perature, and  atmospheric  pressure  for  the  magnitude  of  its  arc 
of  vibration,  and  reduced  to  the  level  of  the  sea,  is  a standard, 
determinate  and  invariable  in  its  dimension,  that  does  exist  in 
nature:  it  is  also  determinable,  without  any  great  difficulty,  by 
persons  furnished  with  the  proper  instruments,  and  possessed  of 
the  requisite  scientific  knowledge.  For  the  best  methods  of  de- 
termining the  length  of  the  pendulum,  the  world  is  indebted  to 
Borda  and  Kater  ; and  the  method  of  the  last  is  more  especially 
remarkable  as  one  of  those  brilliant  discoveries  that  mark  eras  in 
science,  and  confer  immortality  on  their  inventors.  The  pendu- 
lum then  should  be  recognised  in  the  revised  laws  as  the  instru- 
ment whereby  the  standards  may  be  restored,  if  lost;  and  with 
whose  dimensions  they  are  to  be  at  present  compared,  by  way  of 
making  them  comparable  with  the  measures  of  foreign  nations. 
In  confirmation  of  this  opinion,  I may  urge  the  examples  of  the 
French,  the  Danish,  and  the  British  governments,  and  that,  still 
more  recent,  of  Sweden. 

(3.)  As  to  the  mode  of  determining  the  unit  of  length  in  rela- 
tion to  the  standard  existing  in  nature,  and  of  deducing  thence 
the  standard  of  weight,  and  of  measures  of  capacity. 

I shall  assume  that  the  unit  of  lineal  dimension  that  will  be 
adopted  by  the  State,  is  the  yard  in  common  use  on  the  day  of  the 
declaration  of  independence,  as  prescribed  in  the  law  of  1784., 
This  was,  no  doubt,  identical  with  the  British  parliamentary  yard 
made  in  1760.  It  luckily  so  happens,  that  we  possess  the  mea- 
sure of  the  seconds  pendulum  made  in  the  buildings  of  this  insti- 
tution in  reference  to  that  very  standard,  and  consequently  the 
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means  of  making  a yard  that  shall  be  identical  with  the  yard  of 
the  Revolution.  For  this  purpose  it  will  be  sufficient  that  the 
law  should  recognise  that  the  standard  yard  shall  bear  a certain 
proportion  to  that  measure  of  the  pendulum.  When  the  necessary 
experiments  shall  have  been  made  to  determine  the  true  length  of 
this  yard,  its  extremities  should  be  marked  upon  disks  of  an  im- 
perishable material,  (gold  or  platinum,  for  instance,)  inserted  at 
a proper  distance  in  a bar  of  brass,  or  rather  of  a more  durable 
alloy  of  copper  than  what,  in  ordinary  language,  is  called  by  that 
name.  The  distance  between  the  two  extremities  of  a bar  is  in- 
admissible in  a standard,  in  consequence  of  the  alteration  in 


!Such  a bar  will  be  subject  to  dilation  and  contraction  by  heat 
and  cold;  but  the  temperature  at  which  its  length  is  compared 
with  the  pendulum  should  be  given,  and  when  it  is  to  be  compared 
with,  or  its  length  transferred  to,  bars  of  the  same  material,  as 
both  will  be  equally  affected,  no  legal  enactment  is  in  this  case 
■ requisite;  but  as  measures  in  ordinary  use  are  most  frequently 
of  other  materials,  it  will  be  necessary  that  the  temperature  at 
which  such  comparisons  must  be  made,  or  to  which  they  must 
be  reduced  by  calculation,  should  be  strictly  specified.  It  would 
be  proper  to  seek  for  this  purpose  a temperature,  independent 
of  the  indications  of  instruments  that,  in  the  improvement  of 
science,  may  become  obsolete,  and  constant  in  all  varieties  of 
physical  circumstances.  Such  a temperature  is  marked  in  nature 
while  the  process  of  liquefaction  is  going  on,  or  what  is  common- 
ly called  the  freezing  point  of  water.  This,  therefore,  should  be 
declared,  in  the  new  law,  to  be  the  temperature  at  which  such 
^comparisons  should  be  made,  or  to  which  they  should  be  re- 
duced. 

The  extension  in  length  of  the  unit  of  lineal  dimension  will 
furnish  the  elements  of  measures  of  a larger  size  ; its  square,  or 
that  of  one  of  its  multiples,  will  be  the  unit  of  superficial  mea- 
sure, and  its  cube  of  solid. 

To  determine  the  unit  of  weight,  it  will  be  necessary  to  have 
recourse  to  some  fluid  that  can  at  all  times,  and  under  all  cir- 
cumstances, be  obtained  pure  and  homogeneous.  Distilled  water 
is  a fluid  of  this  nature,  and  the  law  should  declare  that  the  weight 
of  a certain  bulk  of  it  shall  be  equal  to  a certain  defined  propor- 
tion, or  multiple  of  the  unit  of  weight.  To  make  this  declaration 
specific,  the  circumstances  under  which  the  comparison  is  to  be 
made,  must  be  declared  in  the  law;  for  water,  like  all  other  sub- 
stances, will  be  of  different  weights  under  equal  bulks,  at  different 
temperatures;  and  its  apparent  wreight  will  be  affected  by  the 
varying  pressure  of  the  atmosphere,  as  well  as  that  of  the  weights 
employed,  while  their  absolute  gravity  is  that  they  would  pos- 
sess in  vacuo.  There  appears  at  first  sight  to  be  a practical  diffi- 
culty in  this  determination,  in  consequence  of  its  being  almost 
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impossible  to  ascertain  with  the  necessary  precision  the  interior 
dimensions  of  a vessel;  but  we  have  a remedy  in  the  well-known 
physical  fact,  that  a solid  body  loses,  when  weighed  in  a liquid, 
a portion  of  its  weight  of  an  equal  bulk  of  the  liquid  ; and  the  ex- 
terior dimensions  of  a regular  solid  are  determinable  within  the 
requisite  limits.  Cut  this  experiment  will  be  affected  by  the 
calorific  expansion  of  the  substance  employed,  and  by  the  buoy- 
ancy of  the  air  affecting  its  absolute  weight.  The  law  then  must 
not  only  express  the  absolute  weight  (in  vacuo)  of  a certain  bulk 
of  water  in  terms  of  the  standard  of  weight,  but  must  describe 
the  temperature  of  the  water,  and  the  substance  of  which  the 
weights  and  the  experimental  solid  are  to  be  made.  It  so  hap- 
pens, that  in  this  case  also  we  have  a temperature,  or  rather  a 
state  of  water,  defined  by  a physical  fact  independent  of  instru- 
ments or  extrinsic  causes.  Water  does  not  follow  the  general 
rule  of  contraction;  contracting  to  a certain  limit,  it  again  ex- 
pands while  cooling  for  several  degrees  above  its  freezing  point. 
This  fluid,  therefore,  has  a maximum  of  density,  and  varies  so 
slowly  in  bulk  on  each  side  of  this  maximum,  as  to  afford  room 
for  the  greatest  accuracy  of  experiment. 

Two  methods  exist  of  defining  the  magnitude  of  measures  of 
capacity.  The  first  and  most  obvious  would  be  to  prescribe  the 
cubical  dimensions  of  the  unit  in  terms  of  the  unit  of  length  ; but 
this  is  liable  to  the  objection  already  stated,  viz.,  the  great  diffi- 
culty of  ascertaining  with  accuracy  the  internal  dimensions  of  a 
vessel  ; the  second  consists  in  prescribing  the  weight  of  water 
that  the  measure  shall  hold,  and  this  is  in  all  respects  preferable, 
but  especially  so  from  the  very  great  ease  with  which  the  deter- 
mination can  be  made.  Here  also  it  will  be  necessary  to  declare 
the  atmospheric  pressure  and  temperature  at  which  the  experi- 
ment shall  be  made,  and  this  may  be  simply  done  by  enacting 
that  the  water  shall  be  at  its  maximum  density,  and  pressure  of 
the  atmosphere  at  a mean. 

(4.)  The  law  of  the  province  of  New  York  of  1703,  the  act  of 
1784,  and  the  revised  law  of  1813,  recognise  two  standards  of 
weight,  without  prescribing  their  relation  to  each  other.  Of 
these,  the  troy  pound  has  long  ceased  to  be  used  in  any  purely 
mercantile  transaction,  except  in  the  retail  trade  of  the  apothe- 
cary ; gold  and  silver  are  indeed  also  weighed  by  the  troy  pound  : 
the  former  object  is  of  very  trifling  importance,  and  the  latter  be- 
ing governed  by  the  practice  of  the  mint  of  the  United  States, 
may  be  considered  as  a subject  on  which  the  national  govern- 
ment has  virtually  legislated,  and  on  which  it  would  be  improper 
for  the  state  government  to  act.  No  other  unit  of  weight  then 
should  be  retained  but  the  avoirdupois  pound  ; and  as  the  quin- 
tal of  1 12lbs.  has  been  abolished  in  practice,  no  other  denomina- 
tion of  that  species  of  weight,  except  the  usual  binary  subdivis 
ions  of  the  pound. 
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Did  the  original  law  of  1703,  or  the  act  of  1784,  authorise  two 
different  units  for  liquid  and  dry  measures  of  capacity,  1 should 
recommend  the  abolition  of  one  of  them  as  useless,  and  particu- 
larly from  the  confusion  that  arises  from  two  different  magnitudes 
being  called  by  the  same  name.  But  it  appears  evident  from 
the  law  of  1784,  that  but  one  measure  is  contemplated  for 
both  objects.  The  introduction  of  the  British  wine  gallon  is, 
therefore,  unwarranted  by  the  law  of  1703,  by  the  ancient  prac- 
tice of  the  province,  or  by  the  law  of  1784,  and  has  probably 
crept  into  the  revised  law  of  1813,  in  consequence  of  its  being 
used  in  the  Customs  of  the  United  States:  it  is,  therefore,  consis- 
tent with  the  ancient  law  to  prescribe  but  one  standard  for  mea- 
sures of  capacity;  but  it  might  be  expedient  to  permit  the  retail 
of  articles  paying  duties  to  the  United  States  in  measures  derived 
from  the  offices  of  the  several  surveyors  of  the  Customs. 

(5.)  The  act  of  1784  adopts,  as  the  standards  of  the  state,  cer- 
tain weights  and  measures  in  the  custody  of  William  Harden- 
brook,  the  sealer  of  the  city  and  county  of  New  York;  and  directs 
that  he  shall  deliver  them  to  the  clerk  of  the  city,  in  the  presence 
of  the  mayor,  recorder,  and  one  or  more  aldermen,  declaring  up- 
on oath  that  they  are  the  identical  articles  received  by  him  from 
the  British  exchequer.  The  importance  of  the  object  justified 
the  solemnity  of  the  manner  pointed  out  for  the  transfer  of  these 
ancient  and  venerable  standards  of  the  province  to  the  custody  of 
the  authorities  of  the  state.  But  no  corresponding  means  of  pre- 
serving them  were  pointed  out,  and  it  is  to  be  believed  that  they 
are  no  longer  in  existence;  for  a law  of  the  24th  of  March,  1809, 
adopts  as  the  standard  yard  a brass  measure,  procured  by  the 
corporation  of  New  York,  in  1803,  from  the  British  exchequer  ; 
the  liquid  measures  of  capacity  in  the  custody  of  the  Secretary 
of  State  bear  date  in  1822,  (at  least  nine  years  later  than  any  ex- 
isting law,)  and  the  standards  of  dry  measure  are  dated  1804. 
Now,  as  it  has  been  found  that  the  yard,  purporting  to  be  a copy 
of  that  described  in  the  law  of  1809,  and  deposited  in  the  Street- 
; commissioner’s  office,  in  this  city,  is  shorter  than  the  usual  Eng- 
lish yard  of  the  beginning  of  the  present  century,  which  was 
itself  shorter  than  the  standard,  as  examined  in  1760,  and  perpet- 
uated by  the  celebrated  Bird , and  as  we  know  of  no  adequate 
means  employed  in  1804  and  1822  to  determine  the  truth  of  the 
new  measures  of  capacity,  I conceive  I am  warranted  in  stating 
that  the  original  standards  of  weight  and  measure  of  this  State, 
as  they  existed  on  the  day  of  the  declaration  of  its  Independence, 
have  been  lost ; and  the  present  is  one  of  those  junctures  that  call 
for  scientific  investigations  to  recover  such  of  the  ancient  denom- 
| inations  as  it  may  be  expedient  to  restore  identically,  and  to  de- 
duce from  them  the  others  in  the  most  unexceptionable  manner. 
With  a view  to  this  object,  I have  already  stated  that  I consider 
the  parliamentary  standard  of  1760,  as  unquestionably  identical 
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with  the  standard  of  our  state  as  it  existed  at  the  Revolution, 
and  that  the  experiments  of  Sabine,  in  Columbia  College, 
have  provided  the  facility,  within  our  own  state,  of  restoring  the 
yard  to  its  original  magnitude.  After  the  experiment  shall  have 
been  made  in  this  building,  the  measure  should  be  transferred  to 
some  proper  public  edifice,  the  site  at  least  of  which  may,  in  all 
succeeding  ages,  be  resorted  to,  in  order  to  confirm,  or  restore  to 
their  primitive  dimension,  existing  weights  and  measures. 

If,  however,  it  should  be  preferred  that  the  yard  at  present  in 
the  office  of  the  Secretary  of  State  should  be  the  standard,  it  will 
be  essential,  in  order  to  perpetuate  it,  to  make  similar  experi- 
ments of  comparison  with  the  pendulum,  one  set  of  which  should 
be  made  in  this  institution,  as  in  this  way  alone  its  ratio  to  foreign 
measures  (particularly  to  those  of  England)  can  be  obtained.  But 
I conceive  this  plan  to  be  objectionable  in  several  points  of  view, 
particularly  as  more  difficult  and  expensive,  and  as  adopting  for 
a standard  a measure  whose  authority  is  at  least  questionable. 
It  would  also  prevent  any  positive  legislation  on  the  subject  until 
after  the  experiments  shall  be  made.  The  English  avoirdupois 
pound,  as  a separate  standard,  appears  to  have  been  lost.  So 
long  since  as  1798,  Sir  George  Shuckburgh  could  find  none  in  the 
public  offices  that  could  be  considered  as  authentic,*  and  it  has, 
therefore,  been  customary  in  England  to  deduce  it  from  the  troy 
pound,  on  the  principle  that  it  was  equal  to  7000“grs.,  of  which 
the  troy  pound  contained  5760.  The  experiments  of  Graham,  in 
1743,  on  weights  of  15lbs.,  made  the  avoirdupois  pound  of 
which,  at  that  time,  authentic  standards  still  remained,  equal  to 
6998.5  grs.  troy,  while  on  the  comparison  of  the  single  pound  it 
was  equal  to  7004  grs.f  The  avoirdupois  pound  might,  there- 
fore, be  fairly  taken  at  7000  grs.  troy.  But  this  is  evidently  of  the 
customary  weight  as  usually  employed,  and  not  of  the  pound  dis- 
covered by  Kater,  in  the  custody  of  the  clerk  of  the  British  House 
of  Commons.  Of  the  customary  weight  used  in  the  mints  of  this 
country  and  England,  the  weight  of  Sir  George  Shuckburgh 
made  by  the  celebrated  Troughton  may  be  considered  as  the  most 
authentic  specimen.  Assuming  the  true  magnitude  of  the  avoir- 
dupois pound  to  be  7000  grs.  troy,  the  weight  of  a cubic  foot  of 
water,  as  calculated  from  the  experiments  of  Shuckburgh,  at  its 
maximum  of  density,  and  weighed  with  brass  weights,  is  999 
ounces  and  the  measure  of  the  experimental  solid  being  per- 
formed upon  a scale,  whose  standard  temperature  is  62°  of  Fah- 
renheit}. The  experiments  of  Shuckburgh  have  been  recently 
repeated  by  Kater^f,  and  from  these  I have  calculated  the  weight 
of  a cubic  foot  of  water  at  its  maximum  of  density  to  be  999  T3^ 

* Philosophical  Transactions  Abridged,  vol.  xviii. 

f Philosophical  Transactions  Abridged,  vol.  xviii. 

j Young’s  Natural  Philosophy,  vol.  ii. 
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ounces,  assuming  the  measure  of  the  experimental  solid  to  be 
made  on  a scale  whose  standard  temperature  is  the  melting  point 
of  ice  :no  danger  then  need  be  apprehended  in  taking  the  weight  of 
3 cubic  foot  of  water  at  1000  ounces  avoirdupois,  and  prescribing 
that  the  legal  weight  shall  be  such  as  will  give  that  determination. 

The  discrepancy  between  this  and  the  present  received  weights 
(if  accurate  transcripts  of  the  former  British  standards)  will  not 
exceed  three-tenths  of  an  ounce  in  a hundred  pounds,  a quantity 
absolutely  insensible  in  the  course  of  traffic,  less  than  the  differ- 
ence in  the  current  standards  of  the  avoirdupois  pound,  in  1743, 
and  far  less  than  the  amount  of  discrepancy  discovered  in  the 
several  States  of  the  Union,  as  detailed  in  the  able  report  of  Mr. 
Adams. 

For  the  unit  of  measures  of  capacity,  I would  propose  the  adop- 
tion of  the  gallon.  It  is  sufficiently  large  to  prevent  any  chance 
of  error  in  the  determination  of  the  most  usual  denomination  of 
dry  measure  (the  bushel,)  and  it  is  itself  the  customary  unit  of 
liquid. 

We  shall  now  proceed  to  consider  what  ought  to  be  the  size  of 
this  unit.  The  Act  of  Parliament,  of  13th  William  III.  cap.  5. 
prescribes  that  the  standard  bushel  shall  contain  2150  inches. 
But  among  the  standards  preserved  in  the  British  Exchequer, 
for  the  bushel  and  its  several  parts,  considerable  discrepancies 
exist,  and  it  would  be  difficult  to  determine  from  which  of  these 
the  bushel  of  the  Revolution  was  derived.  Their  several  magni- 


tudes  are  as  follows  : — 

Bushel. 

Gallon. 

2215.2 

276.9 

2234.4 

279.3 

2163.2 

274.4 

2128.9 

266.1 

Mean  2185.4 

272.5 

Still  greater  discrepancies  exist  in  the  usual  bushels  of  dif- 
ferent parts  of  the  United  States,  which  vary  in  the  two  extremes 
from  1925  to  2358.6  inches,  (giving  the  gallon  the  two  dimen- 
sions of  241.25  and  294.8,)  as  stated  in  the  report  of  Mr.  Adams. 

Instead,  however,  of  prescribing  the  cubic  contents  of  mea- 
sures of  capacity,  it  would,  as  has  been  already  explained,  be 
much  better  to  determine  their  magnitude  by  declaring  the 
number  of  pounds  of  distilled  water  at  the  maximum  density  and 
mean  pressure  of  the  atmosphere  that  the  unit  should  contain. 
If  this  weight  be  taken  at  80  lbs.,  the  bushel  will  be  22 14.36  cubic 
inches,  and  the  gallon  276.8.  These  dimensions  differ  less  from 
the  standard  now  adopted  in  England  of  2217.6  and  277.2  than 
either  of  the  above  dimensions  do  from  each  other. 

This  method  has  a great  advantage  over  that  of  actual  mea- 
surement, inasmuch  as  the  weight  can  be  determined  with  suffi- 
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cient  accuracy,  wherever  good  balances  and  just  weights  are  to 
be  had  : while,  to  determine  the  cubic  contents  of  a vessel  is 
one  of  the  most  difficult  operations  of  practical  geometry,  and 
is  liable  to  such  uncertainty,  that  in  all  recent  investigations 
into  the  magnitude  of  measures,  their  weight  when  filled  with 
distilled  water  has  been  resorted  to  in  preference  as  the  surest 
criterion. 

It  might,  in  this  stage  of  the  discussion,  be  asked,  Why  propose 
a system  founded  upon  principles  and  facts  requiring  so  much 
accuracy  of  determination  and  knowledge  of  science  ? And,  Why 
not  have  recourse  to  England  at  once,  and  obtain  thence  their 
new  standards  ? 

To  the  first  of  these  it  may  be  replied,  that  the  practical  ad- 
justment of  weights  and  measures  is  always  liable  to  certain 
errors;  that  these,  in  the  lapse  of  years,  where  no  checks  are 
provided,  would  reach  such  an  extent  as  wholly  to  obliterate  the 
recollection  of  the  original  standards.  The  more  strict  then  the 
provisions  of  the  law,  in  respect  to  accuracy,  the  less  will  be  the 
danger  of  error,  from  the  discouragement  it  will  give  to  rude  and 
inartifical  methods  of  comparison ; and  the  more  scientific  the 
means  of  recovery  and  examination  that  are  pointed  out,  the 
greater  will  be  the  certainty  of  perpetuating  or  restoring  the 
standard  in  after-ages.  As  to  a recurrence  to  England,  a variety 
of  reasons  would  oppose,  each  of  them  valid  and  sufficient  in 
itself : a proper  feeling  of  national  pride  would  forbid  our  asking 
aid  of  a foreign  country,  in  a matter  for  which  our  own  artists 
and  men  of  science  are  competent.  Economy  also  forbids  it,  as 
standards  identical  with  those  of  the  British  government  could 
only  be  obtained  by  sending  out  a competent  person  to  superin- 
tend their  construction,  and  compare  them  strictly  with  the  orig- 
inals. The  articles  vended  in  trade  as  accurate  measures  are  not 
to  be  depended  upon  implicitly,  and,  however  suitable  to  com- 
merce, would  be  unfit  for  a national  object ; moreover,  there  are 
certain  inaccuracies  in  the  English  law  itself,  which  I cannot  but 
believe  must  ere  long  require  its  revision  in  that  country,  and  we 
should  in  that  event  obtain  and  bring  into  use  a system  differing 
from  that  which  now  exists  among  us,  with  every  probability 
that  it  could  not  be  permanent.  Neither  is  it  likely  that  any 
agent  of  our  State,  however  fully  authorised  and  accredited, 
could  obtain  all  the  necessary  facilities. 

The  errors  I allude  to  in  the  English  law,  which  are  fatal  to 
its  own  permanence,  arc — that  the  comparison  with  the  pendu- 
lum that  is  used  to  define  the  unit  of  lineal  dimension  has  been 
made  in  a private  house,  that  cannot  be  reasonably  considered  as 
accessible  for  public  purposes  ; that  the  length  there  determined 
has  been  assumed  to  be  the  universal  length  in  the  same  parallel  of 
latitude,  while  it  has  been  conclusively  proved  that  this  length  is 
influenced  by  local  causes,  a fact,  that  although  not  then  abso- 
lutely demonstrated,  was  so  far  foreseen  by  the  French  commis- 
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sion,  that  they  define,  as  the  means  of  restoring  the  metrical  sys- 
tem, if  lost  or  impaired,  not  the  pendulum  of  the  latitude  of  Paris, 
but  that  of  a specific  place,  the  national  observatory  in  that  city  ; 
that  the  unit  of  weight  (one  nearly  abandoned  in  this  country)  is 
derived  from  an  experiment  that  requires  a legal  enactment  to 
define  and  perpetuate  an  arbitrary  thermometric  scale,  instead  of 
taking,  as  is  here  proposed,  a temperature  defined  by  a physical 
fact,  or  law  of  nature,  unsusceptible  of  modification  or  mistake 
under  any  circumstances  ; that  the  bulk  of  the  water  whose  weight 
is  given  (a  cubic  inch)  is  much  too  small  for  accuracy ; and  that 
the  unit  of  measures  of  capacity  is  deduced  from  that  of  weight, 
upon  principles  equally  objectionable  with  those  on  which  the 
latter  is  derived  from  the  lineal  measure.  In  addition,  it  is  to  be 
remarked,  that  the  direct  comparison  and  transfer  of  measures  of 
length  is  hardly  susceptible  of  accuracy  equal  to  that  obtained  by 
means  of  the  pendulum  $ that  the  system  proposed,  looking  for 
its  era  to  the  date  of  the  declaration  of  the  independence  of  our 
State,  would  be  exclusively  and  pre-eminently  American.  An- 
other strong  and  important  argument  may  be  used:  the  city  of 
New  York  possesses  artists  adequate  to  the  construction  of  al- 
most every  part  of  the  necessary  apparatus  ; their  skill  and  talent 
is  now  devoted  to  objects  of  inferior  importance,  that  neither  en- 
hance their  reputation  nor  add  to  the  mechanical  credit  of  the 
country  : let  them  be  employed  upon  an  object  of  national,  nay, 
universal,  interest,  and  the  name  they  will  acquire  will  probably 
create  a branch  of  commerce  in  similar  articles,  that  will  add 
much  to  the  wealth  and  resources  of  the  state*  The  importance  of 
this  argument  was  well  understood  by  the  French  government,  and 
such  was  the  success  of  the  attempt,  that  it  transferred  to  France, 
for  the  supply  of  its  own  demands,  a branch  of  manufacture  that 
had  previously  carried  large  sums  to  Great  Britain,  and  struck 
the  first  blow  to  the  hitherto  pre-eminent  reputation  of  the  articles 
of  that  country. 

(6.)  From  what  has  already  been  stated,  it  will  appear  that  I 
am  not  of  opinion  that  the  pendulum  of  lat.  45°,  the  northern 
boundary  of  our  state,  could  be  advantageously  used,  either  as 
the  unit  of  lineal  measure,  or  as  the  standard  existing  in  nature 
whence  the  unit  of  lineal  measure  is  to  be  derived,  and  with  it  all 
other  measures. 

This,  however,  is  a subject  on  which  I venture  to  speak  not 
without  some  hesitation;  the  authority  of  Mr.  Jefferson  is  so  high, 
both  as  a man  of  science  and  a statesman,  that  I do  not  differ  from 
him  without  a feeling  of  extreme  diffidence.  Still,  however,  being- 
satisfied  that  in  the  present  state  of  knowledge,  he  would  have  con- 
curred with  me,  and  that  the  difference  is  one,  not  of  opinion,  but 
of  existing  facts,  I do  venture  to  differ  from  his  views,  stated  as 
long  ago  as  1790. 

I do  not  conceive  that  the  pendulum  of  that  latitude  is  to  be 
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preferred  before  that  of  any  other  as  a standard  existing  in  nature, 
while,  as  the  absolute  unit  of  length,  it  must  be  rejected  upon  the 
ground  of  the  impossibility  of  introducing  it,  in  consequence  of  its 
discrepancy,  and  that  of  all  its  derivatives  from  the  habitual  mea- 
sures of  the  country.  The  latitude  of  45°  appearing  at  the  first 
view  as  the  mean  between  that  of  the  Equator  and  the  Pole,  might 
have  been  thought  peculiarly  advantageous.  On  this  head  it  is  to  be 
observed,  that  it  is  a matter  of  question  at  the  present  moment  be- 
tween the  governments  of  the  United  States  and  Great  Britain, 
what  this  lat.  of  45°  is;  are  we  to  take  for  it  the  latitude  determin- 
ed by  Astronomic  observation  at  the  surface  of  the  earth,  or  the 
latitude  corrected  for  ellipticity  which  is  known  by  the  appropriate 
name  of  Geocentric  ? And  in  connexion  with  the  present  subject, 
a third  view  of  the  question  arises,  for  neither  of  these  is  distant 
from  the  Equator,  the  half  of  the  itinerary  distance  between  that 
circle  and  the  Pole,  but  the  point  of  bisection  falls  between  them  ; 
which,  then,  of  these  three  positions  are  we  to  choose  for  our  ex- 
periments, particularly  when  the  two  most  adapted,  and  between 
which  the  choice  would  most  reasonably  appear  to  fluctuate,  are 
actually  within  the  limits  of  possession  of  another  nation  ? It  is, 
besides,  to  be  remarked,  as  has  been  before  stated,  that  it  is  now 
well  known  that  the  length  of  the  seconds  pendulum  does  not  de- 
pend upon  the  latitude  merely,  but  is  affected  by  the  geological 
and  mineral  structure  of  the  place  where  the  experiment  is  per- 
formed, and  its  vicinity*.  Neither  is  the  pendulum  of  45°,  even 
were  the  earth  a sphere  and  the  density  of  its  surface  uniform,  the 
mean  pendulum,  for  that  would  be  found  in  the  latitude  of  35°  16'. 
For  these  reasons  I cannot  see  any  important  advantage  to  be 
gained  from  naming  the  pendulum  of  45°  in  the  revision  of  the 
statutes  relating  to  this  subject. 

For  all  immediate  purposes,  the  inference  drawn  from  the  ex- 
periments of  Sabine  in  this  institution  may  be  received  as  sufficient, 
and  the  liberal  spirit  of  the  trustees  guarantees  that  the  place  of 
experiment  will  be  accessible  for  the  purpose  of  the  first  investi-  ( 
gations,  and  the  construction  of  the  standards  to  be  deposited  in  the 
proper  public  office.  But  it  cannot  be  too  strongly  urged,  that;: 
this  measure  should  be  transferred  to  a building,  the  property  of 
the  state,  as  early  as  possible,  and  that  in  it  the  instruments  and 
documents  connected  with  this  investigation  should  be  deposited. 
For  this  purpose,  a location  near  the  present  seat  of  government, 
or  perhaps  one  more  central,  in  relation  to  the  ultimate  populationj 
of  the  state,  should  be  chosen;  and  a preliminary  law  should  pro- 
vide for  this  important  object. 


(7.)  The  legislative  provisions  necessary  to  attain  the  objects1 
of  a well-regulated  system  of  measures,  and  its  recovery,  in  case  : 
of  loss,  would  be  most  advantageously  comprised  in  two  different 


Sabine.  Experiments  on  the  Pendulum. 
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acts;  one  to  become  a permanent  part  of  the  revised  laws — the 
other  to  be  preliminary  and  temporary.  The  provisions  of  the 
first  should  be  : — 

1.  That  there  shall  be  but  one  standard  of  measure  of  length 
and  surface,  one  of  weight,  and  one  of  measures  of  capacity,  in 
this  state. 

2.  That  the  unit  of  lineal  measure  shall  be  the  yard,  as  used  in 
this  State  at  the  date  of  the  declaration  of  its  independence,  and 
that  for  its  more  precise  definition,  and  in  order  to  its  re-covery 
in  case  of  loss,  it  is  declared  (until  the  measure  of  the  pendulum 
shall  be  transferred  to  some  appropriate  public  building),  that 
the  said  yard  has  been  found,  by  experiments  made  with  a pen- 
dulum, with  a brass  rod,  at  Columbia  College,  New  York,  in  the 
latitude  of  40°  42'  43”,  to  bear  to  the  pendulum  of  that  place 
vibrating  seconds  in  vacuo,  and  at  the  level  of  the  sea,  at  the 
temperature  of  melting  ice,  the  proportion  of  one  million 
(1,000,000)  to  one  million,  eighty-six  thousand,  one  hundred,  and 
fifty-eight  (1,086,158).*  That  the  yard  shall  be  divided  into  three 
equal  parts,  called  feet,  and  each  foot  into  twelve  equal  parts, 
called  inches,  and  shall  be  measured  between  two  points,  engraven 
upon  golden  disks,  inserted  into  a brass  rod, 

This  yard  will  be  identical  with  that  adopted  in  England,  each 
being  taken  at  its  standard  temperature,  according  to  the  prin- 
ciple of  comparison  pointed  out  by  Wollaston,  and  used  by  Kater 
in  his  experiments  on  the  measures  of  France.  I am  not  fully 
satisfied  that  this  principle  is  correct,  being  rather  inclined  to 
think  that  measures  should  be  compared  at  a common  tempera- 
ture ; but  it  is  that  which  is  now  received  in  practice,  and  has, 
besides,  certain  conveniences  as  applied  to  this  subject,  in  keep- 
ng  the  proposed  system  of  weight  and  measures  of  capacity 
nore  near  in  magnitude  to  those  received  in  England. 

3.  That  the  unit  of  weight  shall  be  the  pound  of  such  magni- 
tude, that  the  weight  of  a cubic  foot  of  distilled  water  at  its  max- 

mum  density,  weighed  in  vacuo  with  brass  weights,  shall  be 
e ixty-two  and  a half  (62<j)  pounds,  that  the  pound  shall  be  divided 
. nto  sixteen  equal  parts,  called  ounces,  of  which  parts  the  cubic, 

; oot  of  distilled  water,  under  the  same  circumstances,  shall  weigh 
j»ne  thousand  (1000)  ounces. 

4.  The  unit  of  measures  of  capacity,  whether  dry  or  liquid, 
hall  be  the  gallon,  which  shall  be  a vessel  of  such  capacity  as  to 

Contain  at  the  mean  pressure  of  the  atmosphere  at  the  level  of  the 
j_  ea,  ten  pounds  of  distilled  water  at  its  maximum  density ; that 
ill  other  measures  of  capacity  shall  be  deduced  from  the  gallon 
>y  continual  multiplication  or  division  by  the  number  2,  being 
, n the  descending  scale,  half-gallons,  quarts,  pints,  half-pints,  and 
e;ills;  and  in  the  ascending  scale,  pecks,  half-bushels,  and  bushels. 
And  that,  for  greater  precision,  the  last,  or  measure  of  eight  gal- 
Ans,  shall  contain  at  the  mean  pressure  of  the  atmosphere  at  the 

* The  length  of  the  said  pendulum  is  39.10158  inches. 
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level  of  the  sea,  eighty  pounds  of  distilled  water  at  its  maximum 
of  density. 


No.  X. 

Report  in  relation  to  the  practice  in  the  sale  of  Grain , Salt , fyc. 


The  committee  appointed  to  inquire  into  the  practice  of  selling 
Grain,  Salt,  &c.  in  the  city  of  Philadelphia,  and  to  examine  such 
of  the  details  of  the  bill  reported  to  the  House  of  Representatives, 
as  relates  to  this  point,  beg  leave  to  state: 

That  from  the  best  information  they  are  able  to  obtain,  the 
existing  usages,  founded  on  commercial  practice,  appear  to  be  as 
follows:  Wheat  is  universally  bought  and  sold  by  weight,  sixty 
pounds  being  estimated  to  be  equal  to  a bushel.  Barley  is  bought 
by  the  brewers  of  Philadelphia,  at  the  rate  of  forty-eight  pounds 
per  bushel.  Rye,  indian  corn,  buckwheat  and  oats  are  bought 
and  sold  by  the  measured  bushel.  Salt  of  all  descriptions  pays 
duty  at  the  rate  of  fifty-six  pounds  to  the  bushel,  and  is  in  all  cases 
sold  by  measure.  Anthracite  coal  is  sold  by  weight,  twenty-two 
hundred  and  forty  pounds  being  allowed  for  one  ton.  Bituminous 
coal  is  sold  by  measure,  a vessel  containing  ten  pecks  being  used 
as  a measure,  and  called  two  bushels.  Beer  is  sold  by  the  wine 
gallon  of  231  cubical  inches,  and  no  other  gallon  appears  to  be 
known  in  the  commerce  of  Philadelphia  for  the  measurement  ol 
liquids,  unless  the  measure  used  in  the  sale  of  milk  be  an  excep- 
tion, this  being  stated  to  be  one  founded  on  the  standard  dry  bushel, 

The  details  of  the  bill,  so  far  as  they  attempt  to  define  quanti- 
ties of  commodities,  ascertained  by  weight,  which  shall  be  deem- 
ed and  taken  to  be  equal  to  quantities  ascertained  by  measure, 
appears  to  the  committee  to  be  obnoxious  to  objection  in  every 
point  of  view:  first,  in  attempting  to  make  things  the  same  by 
law,  which  nature  has  decreed  shall  be  otherwise;  for  grain  ob- 
tained from  different  soils,  and  salt  manufactured  by  different  pro- 
cesses, will  be  found  to  differ  in  their  specific  weight,  as  sensibly 
as  lead  and  silver  differ  from  each  other;  and  however  convenient 
an  assumed  weight  may  be,  as  a measure  of  its  value  in  com- 
merce, its  introduction  into  a bill  fixing  standards  of  weights 
and  measures,  tends,  in  the  opinion  of  the  committee,  rather  tc 
unsettle  than  to  establish.  Secondly,  if  it  be  intended  to  fix  by 
the  bill  in  question  the  quantities  of  commodities  which  shall  be 
taken  and  allowed  to  correspond  with  the  standards,  it  would  seem 
necessary  to  detail  all  the  articles  which  are  the  subject  of  com 
merce,  and  to  provide  as  well  for  a hogshead  of  wine  as  of  cider, 
or  for  the  measurement  of  sand  equally  with  that  of  lime,  or  foi 
lumber  as  well  as  wood  for  fuel. 

Your  committee  would  respectfully  recommend,  that  all  at 
tempts  to  regulate  the  quantities  of  commodities,  which  shall  b< 
deemed  and  taken  to  be  equal  to  the  said  standards,  shall  be  aban 
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cloned,  and  the  regulation  of  such  matters  left  to  the  argus  eyes  of 
Commerce;  or,  when  necessary,  to  the  execution  of  the  Inspection 
laws,  in  which  the  requisite  provisions  might  be  incorporated. 

Fredk.  Fraley, 

S.  C.  Walker, 

To  the  Committee  on  Weights  and  Measures. 


Committee. 


Philadelphia,  Jan.  16,  1834. 


No.  XI. 

Report  in  relation  to  the  Standards  of  Weights  and  Measures  in  the 
city  of  Philadelphia. 

The  committee  appointed  to  examine  the  standards  of  weight 
and  of  measure  in  the  possession  of  the  regulator  and  inspector 
of  weights  and  measures,  and  of  the  sealer  of  dry  measures,  in 
the  city  of  Philadelphia,  report: 

That  the  standard  of  measure  is  a steel  yard  rounded  at  the 
ends  by  use,  and  marked  with  submultiples  of  the  yard  by  notches, 
about  one  thirty-second  of  an  inch  in  width.  This  standard  is 
supposed  to  have  been  brought  to  the  city  by  William  Penn. 

The  capacity  measures  in  possession  of  the  regulator,  as  far  as 
liquid  measures  are  concerned,  cannot  be  called  standards,  they 
are  of  sheet  copper  and  much  battered;  the  measures  purport 
to  be  a gallon  and  half  gallon,  date  and  origin  not  known.  The 
standard  in  actual  use  is  a prismatic  tin  cup,  made  under  the 
direction  of  the  present  regulator,  and  intended  to  be  one-fourth 
of  the  gallon  of  231  cubic  inches. 

The  dry  measure  standards  in  this  office  are  two,  a pint  and  a 

quart,  made  of  cast  brass,  and  stamped  The  stamP  “f" 

is  also  upon  them. 

The  standard  weights  are  one  of  2 lbs.,  one  of  4 lbs.,  of  7 lbs., 
14  lbs.,  28  lbs.,  and  56  lbs.  There  are  various  marks  upon  them, 
of  which  the  city  of  Philadelphia  mark  is  common  to  all,  as  well  as 

the  mark  i The  mark  "A."  is  also  common  to  them  all,  and  is  pre- 
sumed to  have  been  a private  mark  of  inspection.  The  4lbs.  .veight 

is  distinctly  marked  ; on  the  2 Ibs.and  28  lbs.  the  letter  is  part- 
ly obliterated,  and  may  be  either  G or  C;  on  the  56  lbs.  it  appears 
to  be  seeming  to  indicate  that  the  standards  have  not  a 

common  origin.  All  the  weights  are  leaded  below.  A copy  of 
the  2 lbs.  weight,  tested  at  the  mint,  weighed  exactly  14,000 
grs.  troy,  the  number  of  grains  in  2 lbs.  avoirdupois;  a cir- 
cumstance, which,  considering  the  changes  to  which  the  standards 

11 
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have  been  liable,  and  the  rude  means  furnished  to  the  regulator 
for  their  adjustment,  must  be  considered  accidental. 

It  is  due  to  the  regulator,  Mr.  W.  B.  Mott,  to  state  that  every 
information  was  furnished  to  the  committee  which  was  in  his 
possession,  and  that  he  appears  to  have  made  the  most  of  the 
means  furnished  him  by  the  city  or  state,  for  carrying  into  effect 
the  duties  of  his  office. 

The  standards  of  dry  measures  in  possession  of  Mr.  Barger, 
sealer  of  dry  measures,  are  a copper  half  bushel,  and  a bell 
metal  half  peck  and  quarter  peck;  the  rim  of  the  first  named 
measure  is  much  worn  and  apparently  has  been  often  repaired. 

The  committee  conclude  that  the  city  standards  are,  though 
traced  by  legend  to  Wm.  Penn,  of  different  dates  and  of  uncertain 
origin  and  authenticity,  and  that  they  have  been  deteriorated  by 
use,  and  by  regulation  at  different  times,  since  they  have  been  in 
use  as  standards. 

Respectfully  submitted. 


Jan.  8,  1834. 


Alex.  Dallas  Bache, 
Saml..  V.  Merrick, 
Saml.  Moore. 


